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PREFACE
The Elements oi Hydrostatics seem capable of being presented in a simpler form than that in which they appeal’ in all the works on the subject with which I a/u acquainted. I have therefore attempted to give a simple explanation of the Mathematical Theory of Hydrostatics nnd the practical application of it.
Prior to the publication of this work some copies were privately circulated with a view to obtain opinions from Teachers of experience as to the sufficiency and accuracy of the information contained in it. A few suggestions received in consequence of this arrangement will be found in the Notes at the end of the volume.
I am indebted to several friends for the collection of Miscellaneous Examples given in Chapter viu. In conclusion I have to express my thanks for the favour with which my attempts to simplify the course of Elementary Mathematics have been received by College Tutors and Mastera in Schools.
J. HAMBLIN SMITH.
Cambridge, 1870.
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HYDROSTATICS.
CHAPTER I.
Oh Fluid Pressure.
1.	Hydrostatics was originally, as the name imports, the science whicli treated of the Equilibrium of Fluids, or of bodies in equilibrium under the action of forces some of which arc produced by the action of fluids. It is now extended so as to include many other theorems relating to the properties of fluids.
2.	A fluid is a substance whose parts yield to any force impressed on it, avd by yielding are easily moved among themselves.
3.	This definition separates fluids from rigid bodies, in which the particles cannot be moved among each other by any force, however great, but it docs not separate fluids from powders, such as flour, in which we have a collection of particles which can be moved among themselves by the appli cation of a slight force.
4.	A fluid differs from a powder in this way: the particles composing a powder do not move among themselves‘without friction, whereas the particles that make up a fluid move one over another without any friction.
For example, if you empty a mug of flour on a table the friction between the particles will soon bring the flour to rest in more or less of a heap: whereas if you empty a mug of water the particles, moving without friction, run in all directions, and the wholo body of water is spread out into a very thin sheet.
• 8. H.
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OX FLUID PRESSURE.
5.	To distinguish fluids from powders we must therefore make an addition to Art. 2. and we give the following as 3 complete definition of a fluid.
Def. A fluid is a substance whose parts yield to any force impressed on it, and by yielding are easily mo red among themselves without friction, and also act without friction on any surface with tchich they are in contact.
This definition includes not only the bodies to which in ordinary conversation we apply the terms “fluid” and “liquid,” such as water, oil, and mercury, but also such bodies as air, gas and steam.
6.	Fluids may be conveniently divided into two classes, liquid and gaseous. By the term liquid we understand an incompressible and inelastic fluid. In reality all fluids with which we arc acquainted are compressible, that is, a given volume of fluid van by pressure be reduced in volume. Still so great a force is required to compress to any appreciable extent such fluids as water and mercury, that we may regard them as incompressible in treating of the elements of the subject.
7.	The inelastic fluids with which we are practically acquainted approach more or less to a state of perfect fluidity, but in all there is a tendency, greater or less, of adjacent particles to cohere with each other. This tendency is stronger in such fluids as oil, varnish and melted glass, than in such as water and mercury. Hence the former are called imperfect or ciscous fluids.
8.	The aif which we breathe and gases are compressible fluids, and are endowed with a perfect elasticity, so that they can change their shape and volume by compression, and when he compression ceases they can return to their former shape nd volume.
9.	Vapours, as steam, arc elastic fluids, but with this peculiarity: at a given temperature in a given space only a certain quantity of vapour can be contained, and if the space or the temperature be then diminished, a portion of the vapour becomes liquid, or even in some cases a solid.
10.	Before proceeding further with our subject we must explain the meaning of some technical terms which we shall have to employ frequently.
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11.	A Piston is a short cylinder of wood or metal, which fits exactly the cavity of another cylinder, and works up and down alternately.
12.	A Valve is a closed lid affixed to the end of a tube orhole in a piston, opening into or nut of a vessel, by means of a hinge or other soil of moveable joint, in such a manner that it can be opened only in one direction.
13.	A Prism is a solid figure, the ends of which are parallel equal and similar plane figures, and the sides which connect the ends are parallelograms.
The figure represents a rectangular prism, in which each of the lines bounding the surfaces of the prism is at right angles to each of the four lines which it meets.
14.	We shall often have to use the expression Horizontal Section of a tube or hollow cylinder, and we may explain the meaning of the expression by the following example:
Suppose a gun-barrel to be placed in a vertical position: suppose a wad to be part of the way down the barrel with its upper surface exactly parallel to the top of the barrel: then suppose the barrel to be cut away so as just to leave the upper surface of the wad exposed: thc’arca of this surface of the wad is called the horizontal section of the barrel.
15.	The mathematical theory of Hydrostatics is founded on two laws, which we shall now explain.
i--------J
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16.	Law 1. The force exerted by a fluid on any surface, with which it is in contact, is perpendicular to that surface.
17.	This law is merely a repetition of the definition of a fluid given in Art. 5, and we can best explain its meaning and application by an example.
If AB be a cylinder immersed in a fluid the pressures of the fluid on the curved surface are all perpendicular to the
axis of the cylinder, and the pressures of the fluid on the flat ends are all parallel to the axis.- '
Now it is a law of Statics that a force has no tendency to produce motion in a direction perpendicular to its own direction.
Hence the pressures on the curved surface have no tendency to produce motion in the direction of the axis, and the pressures on the flat ends have no tendency to produce motion in a direction perpendicular to the axis.
18-	Law II. Any pressure communicated to the surface of a fluid is equally transmitted through the whole fluid in every direction.
W. A characteristic property of fluids which distinguishes them from solid bodies is this faculty which they possess of transmitting equally in all directions the pressures applied to their surfaces.
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It is of great importance to form a correct notion of the principle of “the equal transmission of pressure,” a principle which is applicable to all fluids, inasmuch as it depends upon a property which is essential to all fluids and is not an accidental property, as weight, colour, and others.
20.	Suppose then we take a vessel A BCD, in the form of a hollow rectangular prism, and place it on a horizontal table.
Place a block of wood, cut to fit the vessel, so that it rests on the base BC and reaches up to the level EF.
Then if we place a weight P on the top of the block an additional pressure P will be imposed on the base of the prism.
Now suppose the block to be removed and the vessel filled with an incompressible fluid up to the level of EF.
Suppose a piston exactly fitting the vessel to be inserted and a pressure P applied by means of it to the surface of the fluid at EF.
In this case the pressure P is transmitted by means of the fluid not only to the base BC, but also to the sides of the vessel, and if wo take a unit of area, as a square inch, in the side FO, and a unit of area in the base BC, the same additional pres* sure will be conveyed to each.
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•21. That ylaids transmit pressuré equally in all directions, may be shewn experimentally in the J olio wing manner:
ABC is a vessel of any shape filled with fluid.
Make openings of equal area at A, B, C.
Close the openings by pistons, kept at rest by such a force as may be required iu each case. Then it will be found that if any additional force P be applied to the piston at A, the same force P must be applied to each of the pistons at B and C to prevent them from being thrust out.
If the urea of the base of one of the pistons, as B, be larger than the area of the base of the piston A, it is found that the pressure which must be applied to B to keep it at rest bears the same relation to the pressure applied to A that the area of the base of B bears to the area of the base of A.
•22. From the preceding article it is clear that if a body of fluid, supposed to bo without weight, be confined in a closed vessel, the pressure communicated to the fluid by any area in any part of the vessel will be transmitted equally to every equal area in any other part of the vessel.
It is owing to this fact that the use of a Safety Valve cun be depended on.
OX FLUID PRESSURE.
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Thus, if the vessel A be full of steam and the pressure of the steam be required to be kept down to 200 lbs. on the square inch, if a valve B, whose area is a square inch, be placed at any part of the vessel, and be so loaded that it will require a force of 200 lbs. to raise it, then if the steam acquire an increase of pressure above 200 lbs. on the square inch, the valve mil open, and will remain open till the pressure of the steam is just equal to 200 lbs. on the square inch.
23. Any force, hotcever small, may by the transmission of its pressure through a fluid, be made to support any weight, however large.
Suppose DE and FH to be two vertical cylinders, connected by a pipe EH, and suppose FH to have a horizontal section much larger than the horizontal section of DE: for instance, let the area of a horizontal section of FH be 400 square inches, and the area of a horizontal section of DE bo 1 square inclu
Now if water be poured into the cylinders, and pistons A . and B be applied to the surface at D and F, whatever force we apply to A will be transmitted to each portion of the base of the piston B which is equal in area to the base of the piston A.
Hence a pressure of 1 lb. applied to the piston A will produce a pressure of 400 lbs. on the base of the piston B, and will therefore support a weight of 400 lbs. placed on the piston B.
This .effect of pressure by the medium of a fluid is often called The Hydrostatic Paradox. •	•
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Examples.—I.
(1)	In the experiment described in Art. 23, if the horizontal section of the small cylinder be 1J square inches, and that of the larger cylinder 64 sq. in., find the weight supported under a pressure of 1 ton exerted on the piston of the small cylinder.
(2)	If the horizontal section of the small cylinder be 14 square inches, and that of the large cylinder 240 sq. in., find the weight supported by a pressure of 3 cwt applied to the piston of the small cylinder.
(3)	If the pistons are circular, the diameters being 1| inch and 50 inches, find the weight supported by a pressure of 15 lbs. applied to the smaller piston. (N.B. The areas of circles are as the squares of their diameters.)
(4)	A closed vessel full of fluid, with its upper surface-horizontal, has a weak part in its upper surface not capable of bearing a pressure of more than 4j pounds on the square foot If a piston, the area of which is 2 square inches, be fitted into an aperture in the upper surface, what pressure applied to it will burst the vessel ?
•
(5)	A closed vessel full of fluid, with its upper surface horizontal, has a weak part in its upper surface not capable of bearing a pressure of more than 9 lbs. upon the square foot. If a piston, the area of which is one square inch, be fitted into an aperture in the upper surface, what pressure applied to it will burst the vessel ?
(6)	If the horizontal section of the small cylinder be 1J square inches, and the diameter of the large piston 20 inches, find the lifting power of the machine under a pressure of 1 ton exerted on the piston of the small tube. (X.B. The area of
•’2
a circle is times the square of the radius nearly.)
/
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24.	The pressure al any point in any direction in a fluid is a conventional expression used to denote the pressure on a unit of area imagined as containing the point, and perpendicular to the direction in question.
For example, if the whole pressure of a fluid on the bottom of a vessel is 2000 lbs., and the pressure is uniform throughout, then if we take a square inch as the unit of area, and the area of the bottom of the vessel is 40 square inches, the pressure at a point in the base is ^ lbs. or 50 lbs.
25.	The student must carefully observe the distinction between the expressions “pressure on a point” and “pressure at a point”: the former is zero, because a point has no magnitude.
26.	If a mass of fluid is at rest, any portion of it may be supposed to become rigid without affecting the conditions of equilibrium.
Thus if we consider any portion A of the fluid in a closed vessel, we may suppose the fluid in A to become solid, while the rest of the fluid remains in a fluid state, or we may suppose the fluid round A to become solid, while the fluid in A remains in a fluid state.
27.	The importance of the principle laid down in the preceding article may be seen from the following considerations. The laws of Statics are proved only in the case of forces acting on rigid bodies. Now since the supposition of any part of a fluid becoming solid docs not affect the action of the forces acting upon it, and since we can in that case obtain the effect of those forces by the laws of Statics, wo shall know their effect on the fluid.
(O
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28.	If a body of fluid, supposed to be without weight, be confined in a closed vessel, so as to exactly fill the vessel, an equal pressure »ill be exerted on the fluid by every equal area in the sides of the vessel (Art. 22), and we proceed to shew that the pressure is the same in all directions at every point of the fluid.
For let 0 be any point in the fluid, and AB, CD two plane surfaces, each representing a unit of area, passing through O
and parallel to two sides of the vessel EF, GH. Then drawing straight lines at right angles to AB, CD from the extremities of AB, CD to the sides of the vessel, we may imagine all the fluid except that contained in the prism ABNM to become solid.
Then the pressure exerted on the fluid by the area MN will be transmitted t*> AB.
Again, if we suppose all the fluid except that contained in the prism CDSR to become solid, the pressure exerted on the fluid by the area RS will be transmitted to CD.
Now the pressures exerted on the fluid by the areas MN, RS are equal, and consequently the pressures on AB, CD will be equal, that is, the pressure at the point 0 is the same tn all directions.
Also since the distance of the point 0 from the sides of the vessel is not involved in the preceding considerations, it follows that the pressure is the same at every point
CHAPTER II.
On the Pressure of a Fluid acted on by Gravity.
29.	In the preceding chapter we considered the consequences that result from the peculiar property, essential to all fluids, of transmitting equally in all directions the pressures applied to their surfaces.
We have now to consider the effects produced by the action of gravity upon the substance of a fluid.
30.	The student must mark carefully the distinction between force applied to a surface and force applied to each of the particles composing a body. As an example of these distinct forces consider the case of a book resting on a table. Force is applied to the surface of the book by the table, and thus is counterbalanced the force of gravity winch acts upon each particle of which the book is composed.
31.	All fluids are subject to the action of gravity in the same way as solid bodies. Each particle of a fluid has a tendency to fall to the surface of the earth, and in a mass of fluid at rest there is a particular point, called the centre of gravity, at which the resultant of all the forces exercised by the attraction of the Earth on the particles composing the fluid may be supposed to act
32.	The term density is applied to fluids, as it is to solid bodies, to denote the degree of closeness with which the parti cies are packed.
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When we speak of a fluid of uniform density, we mean that if from any part of the body of fluid a portion be taken, and if from any other part of the body of fluid a portion like in form and equal in volume to the former portion be taken, the weights of the two portions will be equal.
33.	If a vessel be filled with a heavy fluid of uniform density the pressure at every point in the interior of the fluid will not bo the same, because the pressure which results from the action of gravity will vary in magnitude according to the position of the point in the containing vessel.
Consider a closed surface of small dimensions containing the point A, and suppose the fluid outside the closed surface to become solid. The fluid within the closed surface will exercise pressure against the surface at every point, and these pressures will l>e unequal, because the fluid is acted on by gravity. But we may conceive that, if the quantity of fluid within the surface be eery small, the difference between the pressures at different points of the surface will be very small, and when the surface is indefinitely diminished the pressures exercised by the fluid at each point of the surface may be regarded as equal, and the weight of the fluid may be neglected.
Thus we can consider it as the case of a weightless fluid and apply the conclusions of Art. 28.
Hence all the planes of equal area which can be drawn, passing through the point A and not extending beyond the small surface, may be considered to be subject to equal pressures.
ACTED OX BY GRA WTY.
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So we conclude that in a heavy fluid of uniform density
(1)	The pressure will vary from point to point
(2)	The pressure will be the same in all directions at any particular point.
34.	We have next to consider in what way the pressure varies from point to point in the interior of a fluid of uniform density when it is in equilibrium, and first we shall shew that the pressure is the same at all points in the same horizontal plane. ^
Let A and B be two points in the same horizontal plane in the interior of a fluid of uniform density.
Imagine all the fluid contained in a small horizontal cylinder, of which AB is the axis, to become solid.
Then the forces acting on the cylinder are
(1)	The fluid pressures on its curved surface) perpendicular
(2)	The weight of the cylinder	) to the axis.
(3)	The fluid pressure on the end A
(4)	The fluid pressure on the end B
parallel to the axis
.Of these (1) and (2) have no tendency to produce motion in the direction of the axis (Art. 17).
Therefore, since there is no horizontal motion, fluid pressure on end A - fluid pressure on end B.
And since, the ends being very small, the pressure at every point in each end may bo regarded as the same,
pressure at point A = pressure at point B.
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35.	The pressure at any point within a henry inelastic fluid, not exposed to external pressure, is proportional to the depth of that point below the surface of the fluid.
Let P and Q be two points at different depths below the surface of the fluid.
Suppose two small equal and horizontal circles to be described round P and Q as centres.
Then suppose the fluid in the two small vertical cylinders PA, QB, extending from the bases P and Q to the surface, to become solid.
Now the forces acting on the cylinder PA are
(1)	The fluid pressures on its curved surface, all of which are perpendicular to the axis.
(2)	The weight of the evlinder 1
’ 1 . parallel to the axis.
(3)	The fluid pressure on the base P|
Of these (I) has no tendency to produce motion in the direction of the axis (Art. 17).
Hence since there is no vertical motion, fluid pressure on base P = weight of cylinder PA.
So also, fluid pressure on base (J = weight of cylinder QB. Hence
pressure at point P : pressure at point Q
::	pressure on base P: pressure on base Q, (Art. 24.) :: weight of cylinder PA : weight of cylinder QB, :: length of PA : length of QB (the bases being equal), :: depth of P : depth of Q.
Cor. I f pressure at P = pressure at Q depth of P -depth of Q.
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. The pressure of the atmosphere on the surface of the fluid is uot taken into account, but we shall shew’ hereafter how it affects the pressure at a point iu the interior of a fluid.
36.	The surface of a heacy inelastic jluid at rest is horizontal:
Let A and B be two points in the same horizontal plan-in the interior of a heavy fluid at rest.
• Suppose the fluid contained in a small horizontal cylinder of fluid, of which A B is the axis, to become solid.
Then, fluid pressure on end J = fluid pressure on end B (Art. 34), and, since the ends are equal,
fluid pressure at point A = fluid pressure at point B
Hence A and B are at the same depth below the surface of the fluid (Cor. Art. 35), and if we draw AC, BD vertically to meet the surface in C, D,
AC=BD, also, .4(7 is parallel to BD;
.’. CD is parallel to AB (Eucl. 1. 33) •
.. CD is horizontal.
Similarly any other point in the surface may be proved to be in the same horizontal plane with C or D-,
,	.’. the surface is horizontal.
37.	The proposition that the surface of a fluid at rest is horizontal is only true when a very moderate extent of surface is taken.
Large surfaces of water assume, in consequence of the attraction exercised by tho earth, a spherical form.
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The following practical results are worthy of notice:
(1)	All fluids find their level. If tubes of various shapes, some large and some small, some straight ami others bent, be placed in a closed vessel full of water, and water be then poured into one of the tubes, the fluid will rise to a uniform height in it and all the other tubes.
(2)	If pipes be laid down from a reservoir to any distance, the fluid will mount to the same height as that to which it is raised in the reservoir.
(3)	The surface of a fluid at rest furnishes a means ot observing objects at a distance in the same horizontal plane with a mark at the place of observation.
33. We have seen that in an inelastic fluid at rest the pressure at any point depends on the depth of that point below the surface of the fluid, that is, on the' length of the vertical line drawn from the point to meet a horizontal lim drawn through the highest point in the fluid.
Thus if ABC be a conical vessel with a horizontal base, standing on a table, and filled with fluid, the pressure at any point P is determined in the following manner.
From A, the highest point of the fluid, draw a vertical line meeting the horizontal plane passing through P in the point Q.
Then the pressure at P = pressure at Q, because P and Q are in the same horizontal plane.
But pressure at Q depends on the length of A Q: therefore pressure at P depends on the length of PR, a line drawn vertically to meet the horizontal line AR.
ACTED ON BY GRAVITY.
39.	Tf a vessel, of which the bottom is horizontal and the sides vertical, be filled with fluid, the pressure on the bottom will be equal to the weight of the fluid.
Fig. i.
Fig. ii.
Fig. m.
Let ACDB (fig. I.) be a vessel whose bottom, CD, is horizontal, and its sides vertical. We may consider the fluid in this vessel to be made up of vertical columns of fluid. Each ol these columns will press vertically downwards with its weight, and the sum of these pressures will be the weight of the fluid. Now the base of the vessel, being horizontal, will sustain all these vertical pressures;
5 r. pressure on the base of the vessel=weight of the fluid.
If the sides of the vessel be not vertical, as in figs. II. and III., the pressure on the base will be equal to the weight of a column of fluid ECDF, EC and FD being perpendicular to CD, and EF being the surface of the fluid.
Hence if in the three vessels the bases are equal and on the same horizontal plane, and the fluid stands at the same height in the vessels, the pressure on the base in each case will be the same.
The fluid in vessel I. produces a pressure on the base equal to its own weight.
The fluid in vessel II. produces a pressure on the base less than its own weight.
• The fluid iu vessel III. produces a pressure on the base greater than its own weight.
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Examples.—II.
(1)	If the pressure at a depth of 32 feet be 15 lbs. to the square inch, what will the pressure be at a depth of 42 feet 8 inches 1
(2)	If the pressure at a depth of 8 feet be 14$ lbs. to the square inch, what will be the pressure at a depth of 20 ft. 6 in.?
(3)	In two uniform fluids the pressures are the same at the depths of 3 and 4 inches respectively : compare the pressures at the depths of 7 and 8 inches respectively.
(4)	In two uniform fluids the pressures are the same at the depths of 2 and 3 inches respectively: compare the pressures at the depths of 9 and 12 inches respectively.
(5)* Find the height of a column standing in water 30 feet deep, when the pressure at the bottom is to the pressure at the top as 3 to 2.
(6)	If the pressure of a uniform fluid, not exposed to external pressure, be 15 lbs. to the square inch at a depth of 15 feet, what will be the pressure at a depth of 12 feet ?
(7)	If the pressure of a uniform fluid, not exposed to external pressure, be 3 lbs. to the square inch at a depth of 4 feet, what will be the pressure on a square inch at a depth of 12 feet ?
(8)	What is the pressure on the horizontal bottom of a vessel filled with water to the depth of 2f feet, the area of the base being 20 square feet, and the weight of a cubic foot of water lOuu oz. ?
(9)	A cubic foot of mercury weighs 13600 oz. Find the (iressure on the horizontal base of a vessel containing mercury, the area of the base being 8 square inches, and the depth of the mercury 3 inches.
(10)	What is the pressure on the horizontal base of a vessel filled with water to the depth of 15 feet, the area of the base being 24 square feet, and the weight of a cubic foot of water 1000 oz. ?
(11)	A cistern shaped like an equilateral triangle of which one side is 6 feet is filled with water to the depth of two feet: find the pressure on the base, the weight of a cubic foot of water being 1000 oz.
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(12)	The spout of a teapot springs from the middle point of one side, and its upper extremity is on a level with the lid. If the spout be broken off half-wav, how high can the teapot be fiUed ?
(13)	When bottles that have been sunk in deep water have been brought up, their corks have been found driven in. How do you explain this 1
(14)	If a pipe, whose height above the bottom of a vessel is 112 feet, be inserted vertically in the vessel, and the whole be filled with water, find the pressure in tons on the bottom of the vessel, the area of the bottom being 4 square feet, and the weight of a cubic foot of water 1000 oz.
s (15) A hole, a square inch in area, is bored in the flat cover of a vessel full of water, and a smooth piston weighing 7 lbs. 13 oz. is fitted into it; a vertical tube is then fitted into another hole in the cover, and water is poured into it: find how high the water must be made to ascend in it in order that the piston may be driven out, a cubic foot of water weighing 1000 os.
«—2
CHAPTER III.
Oh Specific Gravity.
40.	Some substances are from the nature of their composition more weighty than others. We call gold a heavier metal than lead, because we know by experience that a given volume of gold is more weighty than an equal volume of lead.
41.	We make a distinction between the terms weight and weightiness.
We speak of the weight of a particular lump of gold or iron.
We speak of the weightiness of gold or iron, not referring to any particular lump, but to the special characteristics of the metals in question.
Further we say that gold is heavier than iron, having no particular lump of the metals in view, but expressing our notions of the degree of weightiness that is peculiar to either substance.
This degree of weightiness is known by the name Specific Gravitv.
Def. The Specific Gravity of a substance is the degree of weightiness of that substance.
42.	If of two substances, one of which is twice as weighty as the other, we take two lumps of equal volume, the weight of one lump is evidently twice that of the other: and, generally, if one substance be S times as weighty as the other, the weight of any volume of the first is S times the weight of an equal volume of the other. Now by a substance, the measure of the specific gravity of which is S, we mean a substance which is S times as weighty as the standard by which specific gravities arc estimated. Therefore any volume of this substance will weigh S times as much as the equal volume of the standard.
ON SPECIFIC GF A PITY.
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43.	The requisites for a Standard are that it should be definite and uniform, and these requisites are possessed by Pure Distilled Water at a certain temperature. This substance is therefore taken as the standard for estimating the specific gravities of solid bodies and inelastic fluids.
44.	When we say that the specific gravity of gold is 19, we mean that the specific gravity of gold is 19 times that of Pure Distilled Water, and therefore a given volume of gold weighs 19 times as much as the same volume of distilled water.
45.	To measure the Weight of a body we must have a unit of weight, and to measure the Volume of a body we must have a unit of volume. These units we mav select in auv wav that may suit our purpose, and we connect them with the unit of specific gravity by the following convention :
The unit of specific gravity is the specific gravity of that substance of which a unit of volume contains a unit of weight.
46.	To find the numerical relation existing between the measure of the specific gravity of a substance and the mear sures of the weight and volume of any given quantity of the substance.
Let IV represent the measure of the weight of a substance, that is the number of times it contains the unit of weight.
Also, let V represent the measure of the volume of the substance, that is the number of times it contains the unit of volume.
And let S represent the measure of the specific gravity of the substance, that is the number of times it contains the unit of specific gravity.
Then one unit of volume of this substance will weigh S times as much as a unit of volume of the standard substance, 'Art. 42) that is, its weight is »S’ times the unit of weight.
Therefore the weight of V miits of volume is VS times the unit of weight;
therefore the measure of the weight of V units of volume of the substance is VS;
but this measure we have denoted by IK;
.-. 11'= VS
22
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47.	The equation W= VS gives us merely the relation between three numbers, and two of these must be given in order that we mav determine the third, to
W hen we have found it we know the measure of the weight or volume or specific gravity, as the case may be, and we must have the unit of weight, or of volume, or of specific gravity also given to enable us to determine the weight or volume or specific gravity of a particular substance. So that we may put it thus :
measure of weight = VS,
measure of volume =
measure of specific gravity = — ;
'Uid
weight = VS times (unit of weight),
volume = times (unit of volume);
specific gravity=^ times (unit of specific gravity).
48.	A cubic foot of pure distilled water at a temperature of 62° Fahrenheit weighs about 99S oz., and for rough calculations it is assumed that the weight of a cubic foot of water is 1000 ounces.
Then if we take 1 cubic foot as our unit of volume and pure distilled water as our standard of specific gravity, the unit of weight will be 1000 ounces.
Or if we prefer to take 1 lb. avoirdupois as our unit of weight and pure distilled water as our standard of specific
16
gravity, the unit of volume will be .—-r of a cubic foot, that is
016 cub. ft.
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49.	We shall next explain how quantities are measured ; and then we shall give three examples, worked out first on the supposition that 1 cubic foot is taken as the unit of volume, and secondly, on the supposition that 1 lb. avoirdupois is taken as the unit of weight, so that the student may see that the same result must follow from both suppositions, and that such a choice may be made as to the units as may be suitable to any particular case.
50.	To measure any quantity we fix upon some definite quantity of the same kind for our standard, or unit, and then any quantity of that kind is measured by finding how many times it contains this unit, and this number of times is called the measure of the quantity.
For example, if one pound avoirdupois be the unit of weight, the measure of 16 lbs is 16. Or, to put our calculations in a tabular form, we may give the following Examples:
Unit.	Quantity.	Measure.
1 lb. avoird.	8 lbs.	8.
1 lb. avoird.	4 oz.	7. 4
I lb. avoird.	1 iu 4	5760 1 lb. troy.	. 3	7000
1 cub. ft	6| cub. ft.	6'5.
1 cub. ft.	0	1 •	3 3 cub. in.	——. 1128
1000 oz. av.	, .k	14x10 14 lbs. av. 1000
*016 cub. ft.	bCub-m-	1728 x 0,6'
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51.	First, when 1 cubic foot is taken as the unit of volume, and consequently 1000 oz. as the unit of weight, to solve the following examples :
Ex. (1) The specific gravity of lead is 11'4, find the weight of 720 cubic inches of lead
Here K=^o, 5=11'4.
Weight required = JrS (unit of weight)
= (i ^ x 11 *4 ) times 1000 oz.
= 4750 oz.
= 296 5 lbs.
Ex. (2) If 5 cubic feet of a substance weigh 240 lbs., what is its specific gravity ?
Here JV=
240 x 16
1000 ’
Sp. gr. required = -y (unit of specific gravity)
240 x 16
1000 ,	.. .
—-. — (unit of specific gravity)
240 x 16 ... f .c ...
= ¡00075 ^un,t of sPcclfic SrOTt^
= '76S (unit of specific gravity).
Ex. (3) What is the volume of a substance whose specific gravity is 9’6 and whose weight is 4200 lbs. ?
„	4200x16 o _ =
Here H»-^ - , 5=9-6
Volume required = — (unit of volume)
4200x 16
H,00	.
•r-r— cub. ft
9'o
= 7 cub. ft.
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52.	Secondly, when 1 lb. avoirdupois is taken as the unit of weight, and consequently 016 cub. ft. as the unit of volume, our examples will stand thus:
Ex. (1)
Here	y= ——	 *9=11-4 1728 x *016’
Weight required = PS (unit of weight)
	/ "20	1	\ = (1723 X -016 « “ tm.es 1 lb. = 296 • lbs. 8
Ex. (2)
Here	5 v^ r=^-
Sp. gr. required = ^ (unit of specific gravity)
	=	• (unit of specific gravity) 016 240 x 016 =		— (unit of specific gravity = ’768 (unit of specific gravity).
Ex. (3)
Hero	1T= 4'200, *9=9’6.
Volume required = — (unit of volume)
	0 4200	~ =	times '016 cub. ft 96 4200 x 16	. _ =	 cub. 9’6x1000
= 7 cub. ft.
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53.	I f a number of substances be put together to form a mixture, we shall generally have the following relations :
(1)	sum of measures of weights of compounds = measure of weight of mixture.
(2)	sum of measures of volumes of compounds = measure of volume of mixture.
Thus if tcv v:^ w3,..be the measures of the weights, rv ^2' r3>..........volumes,
^, s^ ^3,........................specific gra-
rities of the compounds, and
tc, r, s the measures of the weight, volume and specific gravity of the mixture, we shall have
«‘i + w^ + w3+..........=	w,
^+^ + 03+...............=	v\
and therefore
«Vi + r^ + r3s3 +.......=	w,
*1+ !£« + *£? +	-^
$1 ^2 ^3	$
Note. We say that these relations hold generally, because in some cases, when substances are mixed, the volume of the mixture is not equal to the sum of the volumes of the two substances. For instance, 70 pints of sulphuric acid mixed with 30 pints of water will make a mixture of less than 99 pints.
54.	In applying these formulae to the solution of examples, we may take any unit of volume or of weight, adhering to it through the whole calculation.
Ex. (1) To find the specific grarity of a mixed metal com-posed of 5 cubic inches of copper, specific gravity 9, and 8 cubic inches of tin, specific gravity 7’2.
Since rj «, + r,«$ = rs, if wo take 1 cubic inch as the unit of volume, we ha e
5 x 9 + 8 x 7’2 = (5 + 8) s;
45 + 57’6 -	,
.’. *=—j-	— r96 nearly
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Ex. (2) Ten pounds of fluid, specific gravity 1’05, are mixed with 15 pounds of distilled water. Find the specific gravity of the mixture.
if we take 1 lb. as the unit of weight, we have
J£. ip _ 25
F05+ 1 “ s ’
. 5 — 515.
'' s ros ’
105 x 5 105 ,	,
.*. #= ——— = -—=T019 nearly.
515	103
55.	The Density of a substance is the degree of closeness cith which the particles composing the substance are packed 'ogether.
The difference between density and specific gravity may be stated thus: in estimating the density of a body we take into account the quantity of matter contained in a given volume: in estimating the specific gravity of a body we take into account the effect of the action of gravity on a given volume.
If we take the same substance, as pure distilled water, as that to which we refer as a standard in measuring the density and specific gravity of another substance, the measures of the density and specific gravity will be the same.
Examples.—III.
(1)	TnE specific gi’avity of copper is 8'91; find the weight . of 512 cubic inches of copper, a cubic foot of water weighing 1000 oz.
(2)	If 4 cubic inches of iron weigh as much as 72 cubic inches of amber, compare the specific gravities of iron and amber.
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(3)	The specific gravity of mercury being 13 5, find the weight of one cubic inch of it, having given that a cubic foot of water weighs 1000 oz.
(4)	If two cubic feet of a substance weigh 100 lbs., what is its specific gravity ?
(5)	Find the weight of 36 cubic inches of cork, whose specific gravity is 0'24.
(6)	A cubic foot of water weighs 1000 oz., what will be the weight of a cubic inch of a substance whose specific gravity is 3 ?
(7)	What is the specific gravity of a body of which m cubic feet weigh n lbs. ?
(8)	Five cubic inches of iron weigh 22| oz., what is the specific gravity of iron?
(9)	Twelve cubic feet of dried oak weigh 875 lbs., what is the specific gravity of the wood !
(10)	Twenty-six cubic feet of ash weigh 1371^ lbs., what is its specific gravity ?
(11)	A metal, whose specific gravity is 15, is mixed with half the volume of an alloy whose specific gravity is 12, find the specific gravity of the compound.
(12)	Two metals are combined into a lump the volume of which is 2 cubic inches; 1A cubic inches of one metal weigh as much as the lump, and 2i cubic inches of the other metal weigh the same. What volume of each of the two metals is there in the lump ?
(13)	« Two substances whose specific gravities are 1'5 and 3'0 are mixed together, and form a compound whose specific gravity is 2'5; compare the volumes and also the weights oi the two substances.
(14)	The specific gravity of sea-water being 1'027, what proportion of fresh water must be added to a quantity of sea-water that the specific Gravity of the compound may be 1'009?
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(15)	# Equal weights of two substances whose densities are’ 3'25 and 2*75 are mixed together; find the density of the compound.
(16)	Equal volumes of two substances whose specific gravities are 2*5 and 1’5 are mixed together; what is the specific gravity of the compound ?
(17)	Five cubic inches of lead, specific gravity 11’35, are mixed with the same volume of tin, specific gravity 7’3; what is the specific gravity of the compound ?
(18)	A mixture is formed of equal volumes of three fluids; the densities of two are given and also the density of the mixture. What is the density of the third fluid?
(19)	. Teu cubic inches of copper, specific gravity 8’9, are mixed with seven cubic inches of tin, specific gravity 7’3; find the specific gravity of the compound.
(20)	w Three fluids, whose specific gravities are ’7, ’8 and 9 respectively, are mixed in the proportion of 5 lbs., 6 lbs., and 7 lbs. What is the specific gravity of the mixture ?
(21)	The specific gravity of pure gold is 19’3 and of copper 8’62 ; required the specific gravity of standard gold, which is a mixture of eleven parts of gold and one of copper.
(22)	When 63 pints of sulphuric acid, specific gravity 1’82, are mixed with 24 pints of water, the mixture contains only 86 pints. What is. its specific gravity I
(23)	If three fluids the volumes of which are 4, 5, 6 and the specific gravities 2, 3, 4 are mixed together, determine the specific gravity of the compound.
(24)* The specific gravity of quartz is 2’62, and that of gold 19’35; a nugget of quartz and gold weighs 11’5 oz., and its specific gravity is 7’43; find the weight of gold in it.
(25)	» An iron spoon is gilded, and the mean specific gravity of the gilded spoon is 8; those of iron and gold are 7’8 and 19*4: find tho ratio of the volumes and weights of the metals employed.
CHAPTER IV.
On the Conditions of Equilibrium of Bodies under tke Action of Fluids.
56.	When a body is wholly or partially immersed in a fluid, it is a general principle of Hydrostatics that the resultant pressure of the fluid on the surface of the body is equal to the weight of the fluid displaced. This principle we shall prove for two cases in Articles 57 and 61.
(1)	When the body is wholly immersed in the fluid :
(2)	When the body is partially immersed in the fluid.
57.	To find the resultant Pressure of a Fluid on a body wholly immersed, and floating in a fluid.
Let A be a body floating in a fluid and wholly immersed in it.
ON THE CONDITIONS OF EQUILIBRIUM &c. 3 1
Imagine the body removed and the vacant space filled with Said of the samq kind as that in which the body floated.
Then suppose this substituted fluid to become solid.
The pressure at each point of its surface will still be the same as it was at the same point of the surface of A
The solidified fluid is kept at rest by
(1)	The attractions exercised by the earth on every particle of its mass: ’
(2)	The pressures exercised by the fluid at the different points of its surface.
Hence the resultants of these two sets of forces must be equal in magnitude and opposite in their lines of action.
Now the resultant of set (1) is called the weight of the solidified fluid and acts vertical.y downwards through its centre of gravity.
Hence the resultant of set (2) is equal in magnitude to the weight of the solidified fluid and acts vertically upwards through its centre of gravity.
Now since the pressures on the solidified fluid are the same as on the body A, we see that the resultant pressure of the fluid on A is equal to the weight of the fluid displaced by A and acts vertically upwards through the centre of gravity of this .displaced fluid.
This principle we shall now apply to the following Examples in Statics.
58.	Ex. I. Find the conditions of equilibrium of a body Coaling in a fluid and wholly immersed in it.
The body A (see diagram in Art. 57) is kept at rest by
(1)	Its weight, acting vertically downwards through its centre of gravity:
(2j The pressures of the fluid on its surface, the resultant of which is equal to the weight of the fluid displaced by A and acts vertically upwards through the centre of gravity of the fluid displaced.
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Hence
(1)	Weight of A = weight of fluid displaced by A :
(2)	The centres of gravity of A and of the fluid displaced are in the same vertical line.
These are the conditions of equilibrium.
Note. A difficulty often occurs with beginners in conceiving how a solid body can be in equilibrium in the midst of a fluid, neither rising to the surface nor sinking to the bottom. It may however be proved by experiment that a hollow ball of copper, such as is used for a ball-tap, may be constructed of such a weight relatively to its size that when placed in water it will remain where it is placed, just as the body A is represented in the diagram.
59.	Ex. II. Find the conditions of equilibrium for a body of un form density wholly immersed in a fluid and in part supported by a string.
Let a body the measure of whose volume is V be suspended by a string from the fixed point A so as to float below the surface of a fluid.
The body is kept at rest by
(1)	its weight,
(2)	the pressures of the fluid on its surface,
(3)	the tension of the string.
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¿tow (1) is equivalent to a single resultant acting vertically downwards through the centre of gravity of the body,
(2)	is equivalent (by Art. 57) to a single resultant equal to the weight of fluid displaced and acting vertically upwards through the centre of gravity of the fluid displaced:
(and these two centres of gravity coinciding)
therefore (3) must act (see Statics, Art. 52) upwards in the vertical line through this common centre of gravity»
and (1) must be equal to the sum of (2) and (3).
Hence, if
6' be the measure of the specific gravity of the body,
S‘...................................... of the fluid,
T ..................of the tension of the string’,
there is equilibrium when
VS= VS'+T
or T= V(S-N).
Ex. A piece of metal, whose specific gravity is 7 3 ana volume 24 cubic inches, is suspended by a string so as to lie whollv immersed in water. Find the tension of the string.
Taking 1 cubic inch as the unit of volume, and consequent5;
1000	t, -x c • 11
— oz. as the unit of weight, 14 28
tension of string=24 (7’3 -1) x J^ oz. 1/28
24 x 6’3 x iuuO -----1728-----^
— 815 oz.
0.H.
8
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60.	Ex. (3) If a body of unif^ i density be immersed in a fluid and be prevented from rising by a string attached to the bottom of the vessel containing the fluid, flnd the tension of the string.
Let a body, the measure of whose volume is r”, be kept under the surface of a fluid by a string fastened to J, a point in the base of the vessel.
The body is kept at rest by
(1)	its height, acting vertically downwards,
(2)	the tension of the string, acting vertically downwards,
(3)	the resultant of fluid pressures on the body, acting vertically upwards.
Hence, if
T be the measure of the tension of the string,
S...........................specific gravity of the body,
S...............'...........specific gravity of the fluid,
since there is equilibrium,
FS+ T= VS':
r. T^ PS'- VS
= V{S^SL
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61.	To find the resultant pressure of a fluid on & body partially immersed and floating in the fluid.
Let ABCD be a body partially immersed and floating in a fluid, the part BCD being below the surface of the. fl Ad.
Imagine the body removed and the vacant space BCD filled with fluid of the same kind as that in which ¿he body floated.
Then suppose this substituted fluid to become solid.
The pressure at each point of its surface will still be the same as it was at the same point of BCD.
The solidified fluid is kept at rest by
(1)	the attractions exercised by the Earth on every particle of its mass,
(2)	the pressures exercised by the fluid at the different points of its surface*.
Hence the resultants of these two sets of forces must be equal in magnitude and opposite in their lines of action.
* Throughout tliis chapter the space occupied by the air is supposed to be a vacuum.
3—2
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Now the resultant of set (1) is called the.weight of the solidified fluid, and acts vertically downwards through its centre of gravity.
Hence the resultant of set (2) is equal in magnitude to the weight of the solidified fluid, and acts vertically upwards through its centre of gravity.
Now since the pressures on the solidified fluid are the same as on the surface BCD, we see that the resultant pressure of the fluid on the floating body is equal to the weight of the fluid displaced, and acts vertically upwards through the centre of gravity of the displaced fluid.
This principle we shall now apply to the following examples in Statics.
G2. Ex. I. Find the conditions of equilibrium of a body floating and partially immersed in a fluid of uniform density.
The body ABCD (see diagram in Art. 63) is kept at rest by
(1)	its weight acting vertically downwards through its centre of gravity,
(2)	the pressures of the fluid on the surface BCD, the resultant of which is equal to the weight of fluid displaced by the body, and acts vertically upwards through the centre oi gravity of the fluid displaced.
Hence
(1)	weight of the body = weight of fluid displaced;
(2)	the centres of gravity of the body and of the fluid displaced are in the same vertical line.
These are the conditions of equilibrium.
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63.	Ex. II. When a body of uniform densify floats in a fluid, the volume of the part immersed is to the volume of the whole body as the specific gravity of the body is to the specific gravity of the fluid.
Let Kbc the measure of the volume of the whole body A BCD,
V........................................part	immersed BCD.
S.........................specific	gravity of the body,
S'.........................specific gravity of the fluid.
Then since, Art. 62, weight of floating body = weight of displaced fluid,
V.S= W.S'-,
I. r : V :; S : S'.
Ex. A solid, whose specific gravity is ’4, floats in a fluid whose specific gravity is 12. What part of the solid is below the surface ?
Let x be the measure of the part immersed, m the measure of the whole body.
Then	x \m=4 \ 12;
•4	4	1
••C=l^W=i2Zn = 3m’
38 ON THE CONDITIONS OF EQUILIBRIUM OF
64.	The Hydrostatic Balance.
The Hydrostatic Balance is a common balance with a hook attached to the bottom of one of the scales from which a solid may be suspended and weighed successively (1) in air and (2) when immersed in a fluid.
Call the scale to which the hook is attached A and the other scale B. Then by the weight of the solid in air we mean the weight which when placed in B balances the solid suspended in air from A.
And by the weight of the solid in the fluid we mean the weight which when placed in B balances the solid suspended from A so as to be immersed in the fluid.
The difference between these weights is caused by the pressures of the fluid on the surface of the solid, the resultant of these pressures being a force acting vertically upwards and equivalent to the weight of the fluid displaced by the solid.
Now if Cbe the measure of the volume of the solid,
S'......................specific	gravity of the fluid,
measure of weight of fluid displaced by the solid = VS'.
65.	To compare the specific gravities of a solid and a fluid by means of the Hydrostatic Balance.
Let V be the measure of the volume of.the solid,
S..............................  specific	gravity of the solid.
S'...............................specific gravity of the fluid.
W..................................weight	of the solid in air.
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Case I. When the solid is of greater specifc gravity than the fluid.
Let W' be the measure of the weight of the solid in the fluid, then W— IK'=the measure of the weight of fluid displaced by the solid,
= PS'.
Also	W= PS;
, PS _ w PS'~ W- W”
s w
or	— =________
S' W- W'’
and thus S and S’ may be compared.
Case II. When the solid is of less specific gracity than the fluid.
Attach to the solid some heavy substance, called the sinker, which will make the solid sink with it in the fluid.
Let w be the measure of the weight of the two bodies in air,
x ........................................................in the fluid,
y .................................................sinker	in air,
z ........................................................in the fluid.
Then
. w—a;=measure of weight of fluid displaced by the two bodies, y-z= ...................................the	sinker.
Subtracting.
w—x—y + z=measure of weight of fluid displaced by the solid
= PS';
also	W= PS;
tc—x—y + z S'
" ir "s'
and thus S and S' may bo compared.
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66.	The common Hydrometer.
The common Hydrometer consists of a straight stem AB terminating in two hollow spheres C and J). D is usually loaded with mercury, so that the instrument may float in a fluid with the stem vertical.
The instrument is used in comparing the specific gravities of two fluids. The stem is marked with graduations by means of which it can be seen what part of the instrument is below the surface of the fluid in which it floats.
When the instrument is placed in a fluid the measure of whose specific gravity is S, suppose that the measure of the bulk of the part immersed is V.
When the instrument is placed in a fluid the measure of whose specific gravity is S', suppose that the measure of the bulk of the part immersed is F'.
Then weight of hydrometer = weight of first fluid displaced = V.S times the unit of weight;
and weight of hydrometer = weight of second fluid displaced = F'. S' times the unit of weight:
:. U. S= V'. S';
.-. S Z S' :: F' -. F;
and thus S and S’ may be compared, since’ F and V' are known from the graduations.
BODIES UNDER THE ACTION OF FLUIDS.
4 i
67.	Nicholson’s Hydrometer.
This instrument consists of a hollow cylinder of copper A, from which a slender steel wire rises, supporting a dish C. An iron stirrup fixed to the lower end of A supports a heavy dish D. A fine well-defined mark is placed at some point B on the steel wire.
This instmment is used for two purposes :—
(1)	To compare the specific gravities of a solid and a fluid.
Let IV be the measure of the weight which placed in (J causes the hydrometer to sink in the fluid till the surface of the fluid meets the steel wire in B.
Place the solid in C and let X be the measure of the weight added to make the instrument sink to B.
Place the solid in D and let Y be the measure of the weight placed in C to make the instrument sink to B.
Then measure of weight of solid in air= IV—X,
........................in	the fluid = JV— Y,
;. measure of weight of fluid displaced by solid
= (JV-X)-(IF- Y
. 6. G. of solid [^X ' * S. G. of fluid Y— X '
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(2)	To compare the specific gravities of two fluids.
Let IV be the measure of the weight of the hydrometer. & and y the measures of weight to be placed in C to make the instrument sink to B in each fluid.
The measure of weight of first fluid displaced = JV+.t,
............................second........... = TV+y, and, since the volume is the same in both cases,
S. G. of first fluid _ TV+x
S. G. of second fluid — TV+ y *
68.	To compare the specific gravities of two fluids by weighing the same solid in each.
Let /S' and S’ be the measures of specific gravities of the fluids,
w and id the measures of weights of the solid when immersed in the respective fluids,
TV the measure of weight of the solid in air.
Then IF-w = measure of weight of fluid displaced by solid in one case,
JK-?c' = measure of weight of fluid displaced by solid in the other case ;
S JV-w
S'~ TV-id’
and thus S and S' may be compared.
Examples.—IV.
(1)	A piece of glass when weighed in water loses ^ths of its weight; what is its specific gravity?
(2)	Find the pressure on 28 miles of a submarine telegraphic cable whose circumference is 3 inches, the depth of the cable below’ the surface of the sea being 480 feet, and the specific gravity of sea water 1’026.
(3)	A body whose specific gravity is 3’3 floats on a fluid whose specific gravity is 4’4; what portion of the body will be immersed ?
(4)	If the specific gravity of standard gold be 19*4, and the weight of a sovereign in air be 5 dwts. 2| grs., find its weight in water.
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(5)	If a substance weigh 8 lbs. in air and 6 lbs. in water, what is its specific gravity ?
(6)	A cylindrical tub of given weight floats with one-fourth of its axis below the surface of a fluid: find the least weight which will totally immerse the tub.
(7)	A body whose specific gravity is 1*4 floats in a fluid whose specific gravity is 21; what portion of the body is immersed ?
(8)	A leaden bullet, weighing 1 oz., is placed in a glass of water standing on a table; find the pressure of the bullet on the bottom of the glass, the specific gravity of lead being 11-4.
(9)	A cubic inch of cork floats in water: find the weight which must be placed upon it to cause the half of it to be immersed, the specific gravity of cork being '24, and the weight of a cubic foot of water 1000 oz.
(10)	A cork, whose weight is 1 oz. and specific gravity ’25, is attached by a string to the bottom of a vessel containing water so that the cork is wholly immersed. What is the tension of the string ?
(11)	A person supports a ball of lead, weighing 46 oz. and of specific gravity 11’5, wholly immersed in water, by holding the end of a string attached to the ball. What is the tension of the string ?
(12}	A vessel containing water is placed in one scale of a balance and weighs 1 lb. A piece of wood of specific gravity •24 and volume 1 inch is attached to the bottom so as to be immersed. What weight will now balance the vessel ?
(13)	A cube hanging by a string is half immersed in water. If the weight of the cube be a pound, and its specific gravity three times that of water, what will be the tension of the string 1
(14)	A certain substance weighs 30 oz. in water, and 42 oz. out of water. What is its specific gravity 1
(15)	A substance weighs 14 lbs. in water and 2560 oz. out of water. What is its specific gravity ?
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(16)	A substance weighs 12 oz. in air: a substance weighing 20 oz. in water is attached to it, and the two together weigh ISoz. in water. What is the specific gravity of the former substance ?
(17)	A piece of mahogany weighs in air 375 grains, a piece of brass weighing 380 grains in water is attached to it, and the two together weigh in water 300 grains. What is the specific gravity of the mahogany 1
(18)	A piece of metal weighs 113 grains in water and 120 grains in air. What is its specific gravity ?
(19)	A piece of calcareous spar weighs in air 190 grains and in water 120 grains. Find its specific gravity.
(20)	A body weighs 4 oz. in vacuo, and if another body which weighs 3 oz. in water be attached to it the two together weigh in water 2 J oz. Find the specific gravity of the former body.
(21)	A piece of wood weighs 12 lbs., and when attached to 22 lbs. of lead and immersed in water the two together weigh 8 lbs. If the specific gravity of lead be 11 35 find, the specific gravity of the wood.
(22)	If the sinker be equal in magnitude to the substance whose specific gravity is required, but double its weight in vacuo, and if the two together weighed in water would balance the sinker in vacuo, what is the specific gravity of the substance ?
(23)	The specific gravity of cork is -24, and the weight of a cubic foot of water is 1000 oz.; find the pressure necessary to . h( Id down under water a cubic foot of cork.
(24)	A cylinder floats vertically in a fluid with 8. feet of its length above the fluid; find the whole length of the cylinder, the specific gravity of the fluid being three times that of the cylinder.
(25)	A cylinder floats with 1th of its bulk above the surface of a fluid whose specific gravity is ’825, find the specific gravity of the cylinder.
(26)	Why is it easier to swim in salt water than in fresh 1
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(27)	Water is poured into a vessel containing mercury, and an iron cylinder allowed to sink through the water floats with its axis vertical in the mercury. If the cylinder be 1 inch in length, find the length of the portion immersed in the mercury. The specific gravity of iron is 7'8, and that of mercury 13*6.
(28)	A body, whose specific gravity is *5, floats on water; if the weight of the body be 1000 oz., find the number of cubic inches of it above the surface of the fluid.
(29)	A body containing 12 cubic inches weighs in air 8 lbs.; determine its weight in water.
(30)	If a cube float on water with one face horizontal, and a body weighing ^ oz., when placed upon it, make it sink through an inch, find the size of the cube: a cubic foot of water weighing 1000 oz.
(31)	What is the specific gravity of a substance, if a hollow rectangular box, ten inches long, eight inches wide, six inches deep, and a quarter of an inch thick, if made of this substance, will just float in water ?
(32)	, A lamina in the form of an equilateral triangle floats • on a fluid with one of its sides horizontal and its vertex downwards. If the density of the triangle be one-third that of the fluid, find the depth of its vertex below the surface.
(33)	: A triangular lamina of uniform thickness floats in a vertical position with its base horizontal and its sides half immersed in a fluid : compare the specific gravity of the lamina with that of the fluid.
(34)	A symmetrical body, weighing 8 lbs., with a weight on the top floats just immersed in a fluid: how heavy must the weight be, in order that, when it is removed, the box may float with only one-third of it immersed ?
(35)	Find the specific gravity of a material such that a cylinder formed of it four inches long floats in water with three inches immersed.
(36)	If a cubic foot of water weigh 1000oz.. and a cube whose edge is 18 inches weigh 2250 oz., how far will a cylinder whose length is 3 inches, formed of the same material as the cube, sink in water ?
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(37)	A body, whose specific gravity is 2'7 and weight in vacuo 3 lbs., when immersed in a fluid weighs 2 lbs.; find the specific gravity of the fluid.
(38)	The specific gravity of mercury is 13*5 and that of aluminium is 2*6; how deep will a cubic inch of aluminium sink in a vessel of mercury ?
(39)	If a body floats on a fluid two-thirds immersed, and it requires a pressure equivalent to 2 lbs. just to immerse it totally, what is the weight of the body 1
(40)	If a body weighing 3 lbs. floats on a fluid one-half immersed, what pressure will sink it completely ?
(41)	A piece of cork (s. g. = ’24) containing 2 cubic feet is kept below water by means of a string fastened to the bottom of a vessel; find the tension of the string.
(42)	Two bodies whose weights are wx and w2 in air, weigh each w in water; compare them specific gravities.
(43)	The cavity in a conical rifle bullet is usually filled with a plug of some light wood. If the bullet bo held in the -hand beneath the surface of the water, and the plug be then removed, will the apparent weight of the bullet be increased or diminished ?
(44)	A body, whose weight in air is 6 lbs., weighs 3 lbs. and 4 lbs. respectively in two different fluids; compare the specific gravities of the fluids.
(45)	A body whose specific gravity is 7’7 and weight in vacuo 7 lbs., when immersed in a fluid weighs 6 lbs.; find the specific gravity of the fluid.
(46)	A solid sphere floats in a fluid with three-fourths of its bidk above the surface: when another sphere half as large again is attached to the first by a string, the two spheres float at rest below the surface of the fluid ; shew that the specific-gravity of one sphere is 6 times greater than ‘.hat of tho other.
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. (47)# A piece of copper (s. g. = 8 85) weighs 887 grains in water, and 910 grains in alcohol; find the specific gravity of the alcohol.
(48)	A uniform cylinder, when floating vertically in water, sinks a depth of 4 inches ; to What depth will it sink in alcohol of specific gravity 0 79 ?
(49)0 A compound of silver (s. G.= 10’4) and aluminium (s. g. = 2’6) floats half immersed in a vessel of mercury (s. G. = 13’5). What weight of silver is there in 10 lbs. of the compound ?
(50)	An iron rod weighing 10 lbs. is supported by means of a string, one-half of the rod being immersed in water. What force is exerted by the string, the specific gravity of iron being 7’8 ?
(51)	A piece of silver weighing 1 oz. in air weighs *905 oz. in water, what is its specific gravity ]
(52)	Two bodies weighing in air 1 and 2 lbs. respectively are attached to a string passing over a smooth pulley; the bodies.rest in equilibrium when they are completely immersed in water. If the specific gravity of the first body be twice that of water, find the specific gravity of the second.
(53)	A cylinder 9 inches in height, specific gravity $, floats in water with its axis vertical; find the height of the surface of the cylinder above the surface of the water.
(54)	Shew that if each division of the stem of the common hydrometer contains ^th part of the bulk of the hydrometer, the ratio of the specific gravities of two fluids, in which the hydrometer floats with x and y divisions of the stem out of the fluid respectively, is equal to m-y -.m—x.
(55)	To a body which weighs 3 lbs. in air a piece of lead which weighs 5$ lbs. in air is attached, and the two together weigh lilbs. in a fluid whose specific gravity is 4. Find the specific gravity of'the body, that of lead being 11.
’ (56) • A substance weighs 10 oz. in water and 15 oz. in alcohol, the specific gravity of which is *7947 times that of water: find the number of cubic inches in the substance, taking the weight of a cubic foot of water as 1000 oz.
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} (57) A block of ice, the volume of which is a cubic yard, is observed to float with Aths of its volume above the surface, and a small piece of granite is seen embedded in the ice ; find the size of the stone, the specific gravities of ice and granite being respectively ’918 and 2’65.
(58)	A cubical block of wood weighs 12 lbs.; the same bulk of water weighs 320 oz.; what part of the wood will be below the surface when it floats in water ?
(59)	A board 3 inches thick sinks 2^ inches in water: what will a cubic foot of the same wood weigh, if a cubic foot of water weigh 1000 oz. 1
(60)	The specific gravity of beech-wood is ’85. What portion of a cubic foot of that wood will be immersed in sea water whose specific gravity is 1*03 ?
(61)» A cubical iceberg is 100 feet above the level of the sea, its sides being vertical. Given the specific gravity of sea water =T0263 and of ice = ’9214, find the dimensions of the iceberg. •
(62)	If a body of weight TV float with three-quarters of its volume immersed in fluid, what will be the pressure on a hand which just keeps it totally immersed ?
(63)	- Two hydrometers of the same size and shape float in two different fluids with equal portions above the surfaces ; and the weight of one hydrometer : that of the other ::m :n\ compare the specific gravities of the fluids.
(64)	A hydrometer, loaded with 40 grains, sinks 4 inches lower when floating in a fluid whose specific gravity is *3 than in water ; without the weight it rises in the water ouc-twelfth of an inch higher : find the weight of the hydrometer.
(65)	If the volume between two successive graduations on the stem of a hydrometer be y^th part of its whole bulk, and it floats in distilled water with 20 divisions, and in sea wattr with 46 divisions, above the surface; find the specific gravity of sea water.
(66)	- A piece of lead is found to weigh 13 lbs. in water, and when a block of wood weighing Gibs, is attached to it the two together weigh 8 lbs. in water. Find the specific gravity of the wood.
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(67)	- What is the weight of a hydrometer which sinks as deep in rectified spirits, specific gravity ’866, as it sinks in water when loaded with 67 grains ?
•
(68)	' The weight of a body A in water of specific gravity = 1 is 10 oz., of another body B in air whose specific gravity = •0013 is 15oz.; while A and B connected together weigh 11 oz. in water: shew that the specific gravity of B is 1*0713.
I
(69)	• A substance 'weighs 20 oz. in water and 25 oz. in alcohol, the specific gravity of which is *7947 times that of water; find the number of cubic inches in the substance, taking the weight of a cubic foot < 4 water as 1000 oz.
CHAPTER V.
On the Properties of Air,
69.	The thin and transparent fluid which surrounds us on all sides, and which we call the Air or the Atmosphere, is a material body which possesses weight and resists compression. We can prove by experiment that even a small mass of air has an appreciable weight, by exhausting the air from a glass vessel (by a process which we shall describe in thé next article). We then find that the vessel weighs less than it weighed before the air was taken out of it
That the air resists compression is evident from the force required to drive down the piston of a syringe when the open end is closed.
Every body exposed to the atmosphere is subject to a pressure of nearly 15 pounds on each square inch of its surface. We feel no inconvenience from this great pressure, because the solid parts of our bodies are furnished with incompressible fluids, capable of supporting great pressures, while the hollow parts are filled with air like that which surrounds us. Also, since the atmosphere acts equally on all parts of our bodies, we have no difficulty in moving.
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70.	Hawksbee's or the common Air Pump.
AB and DE are two pistons with valves opening upwards, which are worked up and down 'two cylindrical barrels by means of the toothed wheel TV in such a way that one piston descends as the other ascends. The barrels communicate, by means of valves at C and F opening upwards, with a pipe leading into a strong glass vessel V called the receiver.
Suppose 5 to be at its lowest position and therefore E at its highest position. Then as B ascends the valve at B closes, and the air in the receiver and pipe opens C and expands itself in the barrel. As soon as B begins to ascend E begins to descend, the valve at E opens, the valve at F remains closed.
The air which before occupied the receiver and pipe, now occupies the receiver, the pipe, and one of the barrels, and is therefore rarefied.
„ Now let the wheel be turned back:- then as E ascends the valve at E closes and F is opened, and meanwhile B is opened as it descends, and (/being closed, a quantity of the rarefied air is taken from the receiver and pipe.
This process may be continued till the air in the receiver is so rarefied that it cannot lift the valves at C and F, and then the action of the instrument must cease.
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71.	Smeaton's Air Pump.
AC is a. cylindrical barrel communicating with a strong vessel 'D called the receiver. At A and C, the ends of the barrel, are valves opening upwards.
A piston with a valve B opening upwards works up and down the barrel. Suppose the piston to be in its lowest position. Then as the piston ascends, the pressure of the air being removed from the upper surface of the valve at C, the air in DC opens C and expands into the barrel, while the valve at B is closed by the pressure of the atmosphere.
Thus a quantity of air is drawn away from the receiver. As soon as the piston begins to descend, the valve at A is closed, B opens and C is closed, and no external air comes into the barrel or receiver.
When the piston again ascends the air in the barrel i’ again drawn out..
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The only limit to the exhaustion of the air by this pump arises from the difficulty in making the piston come into close contact with the valves at A and C.
Note. The advantage of Smeaton’s Air Pump is that since the valve at A closes as soon as the piston begins to descend it relieves B from the pressure of the atmosphere, and the valve at B is opened by a very slight pressure from the air beneath. Hence this pump is capable of producing a greater degree of exhaustion than Hawksbce’s.
72.	To find the density xof the air in the receiver of Smeaton’s Air Pump after n ascents of the piston.
Let the measures of the capacities of the receiver and the barrel be respectively x and y.
Then the air which occupied the space whose measure is x when the piston was at C, will occupy the space whose measure is a?+y when the piston comes to A,
. density after one ascent _ x density at first ~ x + y'
:. density after one ascent = —. (density at first).
Similarly,
density after second ascent=^q-^. (density after one ascent)
x \a
-^—1. (density at first), y.
and so on;
:. density after nth ascent=
(density at first).
The same formula is applicable to Hawksbce’s Air Pump, if x represent the measure of the capacity of the receiver and pipe, and y the measure of the capacity of each of tho barrels.
54
ON THE PROPERTIES OF AIR.
73.	The Barometer.
The Barometer is an instrument for measuring the pressure of the atmosphere.
If we take a glass tube about 32 inches long, open at A and closed at B, and fill it with mercury: if we then close the end A, invert the tube, place it in a vessel full of mercury, called the basin, and then remove the stoppage from A, the mercury in the tube will sink a little, leaving a vacuum in BC, and resting when the height of the column CD, that is, the distance <»f the surface of the mercury in the tube from the surface of the mercury in the basin, is from 28 to 31 inches.
That the column CD is supported by the pressure of the atmosphere may be shewn by placing the instrument under the receiver of an air pump. Then as the air is exhausted» the mercury will sink in the tube, and- if all the air could be pumped out the mercury would sink entirely into the vessel. This experiment proves that the pressure of the air on the exposed surface of the mercury in the basin sustains the column of mercury in the tube.
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74.	To shew that the pressure of the atmosphere is accurately represented by the weight of the column of mercury in the Barometer.
Take in the surface of the mercury in the basin an area M equal io the area of the horizontal section of the tube at D.
Then area M= area of the base of the column of mercury in the tube, and since these areas are equal and in'lhe same horizontal plane, the pressures on them are equal.
Now pressure downwards on J/=atmospheric pressure on area M, and pressure downwards at Z> = weight of column of mercury CD.
Therefore the atmospheric pressure on area JI is equal to the weight of the column of mercury CD.
It follows then that the atmospheric pressure on any area is equal to the weight of the column of mercury in the barometer, having the same area for its base.
Consequently the weight of the column of mercury in the barometer is the proper representative of the pressure of the atmosphere on a given surface.
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75.	Hence it follows that the height of mercury in the barometer is proportional to the pressure of the atmosphere.
If then we have a vertical tube of uniform bore filled up to the level D with mercury, if D be exposed to the atmospheric pressure and if M be some other level in the tube, and if h be the height of the barometric column,
of the column
pressure at D _ weight of a column of mercury of height h pressure at M — weight of a col. of mercury of height (h + PM) ’
h
h + DM'
76.	To find the Atmospheric Pressure on a Square Inch.
The pressure of the atmosphere on a square inch is determined by finding the weight of a column of mercury whose base is a square inch and whose height is the same as the height of the column of mercury in the barometer.
Taking the specific gravity of mercury as 13’6, the weight of a cubic foot of distilled water as lOOOoz., and the height of the barometric column at the level of the sea as 30 inches, we have pressure of atmosphere on a square inch
30 x 1 x 1 x
1000
1728
x 13'6) ounces.
30 x 1000 x 136
•28710“ °UnCeS’
= 236| ounces,
= 14^ lbs.
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*11. In estimating the pressure at a point in the interior of fluid exposed to the atmospheric pressure, we must add to the pressure on a unit of area containing the point the atmospheric pressure on a unit of area.
Suppose for instance we have to find the pressure at a depth of 100 feet in a lake, (1) neglecting atmospheric pressure, (2) taking the atmospheric pressure into account.
Take a square inch as the unit of area: then
(1	) Pressure at depth of 100 feet on a square inch
= weight of a column of water 100 feet in height, resting on a base of a square inch = weight of a column of water whose cubic content is (100 x 12 x 1 x 1) cubic inches
1200
1728
x 1000 I oz.
1200 x1000 1728x16
lbs.
= 43	lbs.
/2
(2	) Pressure at depth of 100 feet on a square inch
(43^ + 15) \	72	/
lbs. nearly,
= 58 — lbs. nearly.
78.	The Atmosphere is most dense at the surface of the Earth, and its density diminishes with its height. Hence as one ascends a mountain the weight of the incumbent air is diminished, and the mercury in the barometer sinks. Thus the barometer furnishes a means of ascertaining approximately the height of a mountain.
79.	A Barometer might be formed with any fluid, but mercury is preferred to other fluids because of its great density. A 'Water-barometer must have a tube of great length, since the atmosphere supports a column of water more than 13 times as high as the column of mercury supported iu the mercurial barometer.
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80.	The pressure of a given quantity of air, at a given temperature, varies inversely as the space it occupies.
The following proof by experiment establishes the truth of this law.
ABC is a bent tube, cylindrical, uniform and vertical. The branch AB is much longer than the branch BC. The ends are open.
Mercury is poured drop by drop into the end A till the surface of the mercury in the two branches stands at the same level at P and Q. The end C is then closed.
Then the pressure of air in CQ=the atmospheric pressure.
Let mercury be again poured in at A, (the effect of which is to compress the air in CQ,) till the surface of the mercury in the shorter branch stands at II, halfway between C and Q.
It is then found that the mercury in the longer branch will stand at a point D, such that the length of the column of mercury DM (JI being level with R) is exactly equal to tho height of the barometer at the time of making the experiment.
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Now pressure at M = pressure at 7?.
But pressure at J/= weight of column of mercury DM + pressure of atmosphere at D,
= atmospheric pressure + atmospheric pressure = twice the atmospheric pressure;
.'. pressure of the air in CR = twice the atmospheric pressure.
Hence the pressure of the air in CR is twice as great as was the pressure of the air in CQ.
That is, when the given quantity of air in CQ has been compressed into A«//the space, the pressure of the compressed air is ticice as great as it was at first.
81.	The proof given in the preceding Article may be put in a more general form, R being any point between (7 and Q, thus : —
Let mercury be again poured in at A till the surface of the mercury stands at D and R in the branches, and let M be level with R.
Then it is found that if the spaces CQ, CR successively occupied by the air be measured, and if h be the height of the barometer at the time of performing the experiment,
space CQ _ h + DM space CR - A
Now it is clear by Art. 75,
pressure supporting air in CQ _ A pressure supporting air in CR ~ h + DM'
. pressure of air in CQ _ CR pressure of air in CR — CQ'
6o
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Cor. Hence we can shew that the elastic force of air varies as its density.
For since the same quantity of air is confined in CQ and CR
density of air in CR : density of air in CQ
:: CQ : CR
:: pressure of air in CR : pressure of air in CQ.
82.	The Condenser.
AC is a, cylindrical barrel with a valve at the bottom, C, opening downwards into a vessel B, called the receiver. A piston with a valve A, opening downwards, works in the barrel.
Suppose the piston to be at the top of the barrel. When the piston descends, the air in the barrel being condensed closes the valve at A, and opens the valve at C. Thus the air which was contained in the barrel is forced into the receiver. When the piston is raised again, the denser air in B keeps the valve at C closed, while the pressure of the atmosphere opens A, and the barrel is refilled with atmospheric air, which is forced into the receiver at the next descent of the piston.
The process may be continued till the required quantity of air has been forced into B.
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83.	To find the density of the air after n descents of the piston.
Let x and y be the measures of capacities of the receiver and barrel respectively.
Then the air which occupied the space whose measure is x + y, when the piston was at the top of the barrel, will occupy the space whose measure is x when the piston comes to the bottom of the barrel;
density of air in receiverier one descent _x+y density of air at first "	~ x y
.-. densityof air after one descent = —*- . (density of air at first).
Similarly,
density after second descent = *—— . (density of air at first) and so on;
‘I density after nth descent = ——- .(density of air at first).
Examples.—V.
(1)	If the capacity of the receiver in Smeaton’s Air Pump be ten times that of the barrel, what will be the exhaustion produced by six strokes of the piston ?
(2)	Find the pressure of the air in the receiver of an Air • Pump after two strokes of the piston, the volume of the receiver being eight times that of the barrel.
(3)	Find the ratio of the volume of the receiver to that of the barrel in the Air Pump, if at the end of the third stroke the density of tho air in the receiver : the original density
:: 729 : 1000.
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(4)	Is it necessary that the section of the tube through which the mercury rises in the barometer should be the same throughout ?
(5)	Assuming that, a cubic foot of water weighs 1000 02. and a cubic inch of mercury weighs 7f oz., find the pressure on a square inch at a depth of 90 feet below the surface of the sea, when the barometer stands at 30 inches.
(6)	’ If the area of a section of the basin of a barometer be 10 times that of a section of the tube, and the mercury fall 1.) inches in the tube, find the true variation in the height of the mercury, and draw a figure representing the instrument.
(7)	If a hole were made in the tube of a barometer, what would be the effect ?
(8)	If the weight of the column of mercury which is above the exposed surface in a barometer be an ounce, and the area of the transverse section of the tube ~ of a square inch, what is the pressure of the atmosphere on a square inch ?
(9)	When the mercurial barometer stands at 30 inches, what will be the height of the column in a barometer filled with a fluid of specific gravity 3'4, the specific gravity of mercury being 13’6 ?
(10)	If a piece of iron float in the mercury contained in the tube of a barometer, will it have any effect on the indication of the instrument ?
(11)	If a body were floating on a fluid, with which the air was in contact, and the air were suddenly removed, would the body rise or sink in the fluid ?
(12)	What would be the effect of admitting a little air into the upper part of the tube of the Barometer ?
(13)	A pipe carries rain water from the top of a house to a large tank, the surplus water in which escapes through a valve in the top which rises freely. A weight of 21 lbs is placed on it, and it is found that the water rises in the pipe to the height of 20 feet before the valve opens. Find its area, assuming that the height of the Water-Barometer is 34 feet Mid the atmospheric pressure 15 lbs. on the square inch.
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(14)	' A cylinder filled with atmospheric air, and closed by an air-tight piston, is sunk to the depth of 500 fathoms in the sea; required the compression of the air, assuming the specific gravity cf sea-water to be 1 027, the specific gravity of mercury 13’57, and the height of the barometer 30 inches.
(15)	A barometer is sunk to the depth of 20 feet in a lake: find the consequent rise in the mercurial column, the specific gravity of mercury being 13’57.
(16)	If a body, exposed to the pressure of the air, float in water, prove that it will rise very slightly out of the water as the barometer rises, and sink a little deeper as the barometer falls.
(17)	* Water floats on mercury to the depth of 17 feet, compare the atmospheric pressure with the pressure at a point 15 inches below the surface of the mercury, taking into account the atmospheric pressure on the surface of the water, having given that the heights of the mercurial and water barometers are 30 inches and 34 feet respectively.
(18)	Explain clearly why a balloon ascends.
(19)	Explain how it is that a bladder filled with air, will, if conveyed deep enough in the sea, sink to the bottom.
(20)	What would be the height of the column of mercury (s. G.= 13’56) corresponding to a pressure of 14 lbs. 2 oz. on the square inch I
(21)	«A cubical vessel full of air, whose edge equals 6 inches, is closed by a weightless piston. Find the number of pounds which must be placed on the piston in order that it may rest in equilibrium at a distance of 2 inches from the bottom of the vessel: the pressure of the atmosphere being 15 lbs. on a square inch.
(22)	'The lower valve of a pump is 30 feet 4 inches above the surface of the water to be raised : find the height of the barometer when the pump ceases to work, the specific gravity of mercury being 13’6.
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(23)	It is found that the cork of a bottle is just driven out when the pressure of the air within is double that without; the bottle is then filled with mercury and inverted, and it is again found that the cork is just driven out. Given that the barometer was standing at 30 inches at the time, find the height of the bottle.
, (24)* Find the ratio of the volume of the receiver to that of the barrel in a Condenser, if at the end of the third stroke the density of the air in the receiver : its original density :: 3 : 2. ‘
(25)	A hollow cylinder closed at the upper end and open at the lower is depressed from the atmosphere into water, its axis being kept vertical, and is found to float with its upper end in the surface of the water. What will be the effect on the cylinder of an increase of atmospheric pressure ?
(26)	If the volume of the cylinder in a Condenser be onefifth the volume of the receiver, find the pressure at any point of the latter after 20 strokes.
(27)	The pressure at the bottom of a well is double that at the depth of a foot; what is the depth of the well if the pressure of the atmosphere be equivalent to 30 feet of water ?
(28)	A cubic foot of water weighs 1000 oz.; what will bo the pressure on each square inch of the base of a cube whose edges are 10 inches, when filled with water ?
(29)	A cubic foot of water weighs 1000 ounces, and the pressure of.the air on a square inch is 236 ounces; find the pressure on 16 square inches at a depth of 9 feet below the surface of a pond.
(30)	' If J, B, C, bo three points in a uniform fluid at rest, the three points being in the same vertical line, and the difference of the pressures at A and B: difference of the pressures at A and C as y?: q, find the ratio of AB to BC.
(31)	Explain the principle of the Air-gun.
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* (32)» If the area of the basin of a barometer be 17 times that of a section of the tube, how ought the si cm to be graduated in order that the reading may give the true height of the barometer ?
(33)	If the specific gravity of mercury be 13’57, and the weight of a cubic inch of water 252 6 grains, find the pressure of the air on a square inch in lbs., when the mercury in the barometer stands at 30'5 inches.
- (34) .If the tube of a barometer, be 36 inches long, and, on account of air being in the upper part, the instrument stands at 27 inches, when a correct instrument stands at 30 inches, what length of tube would the air fill when reduced to atmospheric density ?
(35)	The specific gravity ot the weights employed by jewellers, for weighing precious stones, is greater than that of the stones themselves. Is it more advantageous for the jeweller to sell stones when the barometer is high, or when it is low ?
(36)	• A tube closed at both ends and 28 inches long is half filled with mercury, the remaining portion being occupied with air at atmospheric pressure. If the tube be placed in a vertical position with the mercury uppermost, and the upper end be opened, find how far the mercury will sink, the height of the barometer at the ti me being 28 inches.
& H
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CHAPTER VI.
On th* Application, if PA*.
4 The Diving Bell.
If a glass be inverted, and with its mouth horizontal be pressed down into a basin of water, it will be seen that though some portion of water ascends into the glass, the greater part of the glass is without water.
This is caused by the compression of the air, which prevents the water from rising in the glass.
The Diving Bell works on the same principle. A heavy iron chest BCED, open at DE, is suspended from a rope A, and lowered into the water, with its open end downwards. The water will then rise till the air in the chest is sufficiently compressed to prevent the water from rising beyond a certain height MN.
Air is pumped in occasionally through a pipe P, and the impure air is allowed to escape through another pipe Q.
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85.	The Common or Suction Pump.
AB is a, cylindrical barrel in which a piston P, with a valve opening upwards, is worked up and down by the handle R. BC is a pipe, communicating with the barrel by a valve, opening upwards. The end C, which is pierced with a number of small holes, is placed under the surface of the water which is to be raised.
Suppose the piston to be at the bottom of the barrel. Then when the piston is raised the valve P is closed by the pressure of the air on its upper surface, and there being little or no air in PB, the valve B is opened by the action of the air in BC, and as it continues open during the whole ascent of the piston, the air in BII, the part of the suction-pipe above the surface of the water, expands into the barrel, and becomes less dense than the air which presses on the water outside the suction-pipe. The water is consequently forced up the pipe by the pressure of the atmosphere, till the pressure downwards at // is equal to the atmospheric pressure.
When the piston descends the valve B closes, and the air in PB, being condensed, opens the valve P.
This process being continued, the water will at length rise through the valve B, and at the next ascent of the piston a mass of waW rl.l be lifted and discharged through the 8’1« <ut D.
5—2
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The distance BH must be less than the height of a column or water which the atmospheric pressure can sustain, that is, less than 3*2 feet.
86.	The Forcing Pump.
AB is a. cylindrical barrel in which a solid piston P is worked up and down the space AF.
BC is a suction-pipe of width the end C is placed under the surface of the water.
DE is a pipe communicating with the barrel.
At 2? and D ai*e valves opening upwards.
Suppose the piston to be at the bottom of its range in the barrel. Then when the piston is raised the valve at D remains
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closed, the air in DBF expands as the piston rises, and the air in BII opens the valve B and expands into the barrel. The water is therefore forced up the suction-pipe by the pressure of the atmosphere.
When the piston descends the air in PFBD is condensed, closes the valve B, opens the valve Di and escapes through D.
When the piston ascends again the water rises higher in BC, and this process is continued till the water rises through B. Then the piston on its descent forces the water up the pipe DE. •
87.	In order to produce a continuous stream through the pipe at E, the pipe is. introduced into an air-tight vessel DII into which the valve D opens.
When the water has been forced into this vessel till it rises above O, the lower end of the pipe, the air which lies between the surface of the water in the vessel and the top of the vessel is suddenly condensed at each stroke of the piston, and by its reaction on the water forces it through the pipe OE in a continuous stream.
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88.	The Fire Engine.
This machine consists of a double forcing-pump, both pumps communicating with the same air-vessel M.
The pipe T descends into a reservoir of water.
The valves opening upwards are at V, V and R, R'.
Fis a fixed beam round which the piston-rods work.
The water is discharged through the pipe H.	*
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89.	The Lifting Pump.
AB 19 3, cylindrical barrel in which a piston with a valve J/ opening upwards works, the piston rod passing through an airtight collar at J.
BC is the suction-pipe of which the end G is placed under the surface of the water.
DE is a pipe up which the water is to be raised.
At D and B are valves opening upwards.
The water will be brought within reach of the piston by a process similar to that which has been described in the case of the other pumps.
When the piston ascends lifting water the valve at D opens, and the water is discharged into the pipe DE. When the piston descends, the valve at D closes, and prevents the return of the water in DE into the barrel. %
Each stroke of the piston increases the quantity cf water in DE, and thus the water may be raised to any height, provided that the barrel AB, the pipe ED, and the piston rod be strong enough to bear the pressure of the superincumbent column of <ater.
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90.	The Siphon.
The Siphon is a bent hollow tube of uniform bore, having one branch longer than the other. The tube is filled with fluid, the ends are closed, and the shorter branch is placed in a vessel containing fluid like that with which the siphon is filled.
Let the plane of the fluid’s surface meet the branches of the siphon in H, A’.
Then if the ends A, C be opened at the same moment, the
fluid will flow from (7 in a continuous stream till the vessel is emptied down to the level of A, provided that B, the highest point of the siphon, is at a less distance above the surface of the fluid than the height of a column of the fluid which the pressure of the atmosphere will sustain.
To explain this, consider the pressure on an area D, equal to the area of a horizontal section of the siphon, in the surface of the fluid : then
pressure of atmosphere at 77 in direction HB=pressure on area D,
pressure of atmosphere at C in direction CB=pressure on area D,
:. pressure of atmosphere at 77 in direction 1113=pressure of atmosphere at C in direction CB.
Now pressure of atmosphere at 77 is diminished by the weight of column of fluid BH, and pressure of atmosphere at Cis diminished by the weight of column of fluid BC, and since
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the column BC is greater than column BII, the effective pressure of atmosphere in direction IIB is greater than the effective pressure of atmosphere in direction CB, and therefore the fluid will be driven by the effective atmospheric pressure in a continuous stream in the direction IIBC.
91.	On intermitting ¿¡firings.
Intermitting Springs are springs which run for a time, then stop for a time, and then begin to run again.
This phenomenon is explained by the principle of the Siphon.
Let .4 be a reservoir in a hill in which water is gradually collected through fissures, as B, C, D, communicating with the external air.
Now suppose a channel MNR to run from A, first ascending to N and then descending to R, a place lower than the reservoir.
As the water collects in A it gradually rises in the channel to N, and then flows along NR, and by the principle of the Siphon it will continue to flow till A is completely drained. Then the flow ceases till the water in A has collected sufficiently to reach N.
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92.	Bramah’s Press.
The Hydrostatic Press, generally called Bramah’s Press, is a machine by which an enormous pressure is obtained by means of water, the only assignable limits to its power being the strength of the materials of which it is formed.
^4C is a forcing-pump, by the action of which water is forced into a tube BD, which has a valve B opening inwards.
£ is a strong cylindrical piston, with a base many times larger than the base of the piston A, working in a water-tight collar at M, N.
Between the top of the piston E and a fixed beam FG, a bale of goods, such as paper, cotton or wool, is placed.
Suppose the area of the base of E to bo 200 times that of the base of A.
Then if a pressure of 100 lbs. be applied to A, a pressure of (200 x 100) lbs. or 20,000 lbs. will be conveyed to the base of E.
Thus any amount of pressure may be applied to W, either by increasing the pressure applied to A, or by making the base of E larger in comparison with the base of A.
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Examples.—VI.
(1)	What will be the effect of making a small aperture in the barrel of a Forcing Pump I If the piston w’ork uniformly up and down the length of the barrel, and a small aperture be made one-third of the way up the barrel, how much more time than before will be consumed in filling a tank I
(2)	If the upward motion of the piston of a Common Pump be stopped, when the water has risen to the height of 16 feet in the supply pipe, but has not yet reached the piston, find the tension of the piston-rod, the area of the piston being 4 square inches, and the atmospheric pressure 15 lbs. on the square inch.
(3)	What would be the effect of opening a small hole at any point in the Siphon, first above, secondly below the surface of the fluid in the vessel ?
(4)	What is the greatest height above the surface of a spring over which its water may be carried by means of a siphon-tube, when the bar »meter stands at 29 inches, the specific gravity of mercury being 13*57 I
(5)	What would take place in a siphon at work if the pressure of the atmosphere were removed ?
(6)	Will the siphon act better at the top or the bottom of a mountain ?
(7)	Could a siphon be employed to pump water out of the hold of a ship floating in a harbour ?
(8)	What is the greatest height over which water can be carried by means of a siphon when the mercurial barometer stands at 30 inches ?
(9)	If the ends of a siphon were immersed in two fluids of the same kind and the air were removed, describe what would take place.
(10)	A hollow tube is introduced into the bottom of a cylindrical vessel through an air-tight collar; and a large tube, of which the top is closed, suspended over it, so as not quite to touch the bottom : consider the effect of gradually pouring water into the cylinder, until it reaches the level of the top of the inverted tube.
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(11)	A siphon is placed with one end in a vessel full of water, and the other in a similar empty one, both of which are on the plate of an air-pump. As soon as the water has covered the lower end of the siphon, a receiver is put on, and the air rapidly exhausted, and then gradually readmitted : describe the effects produced.
(12)	A siphon, filled with water, has its ends inserted in vessels filled with water ; state what will take place when the vertical distances of the highest point of the siphon above the surface of the fluid are both less, both greater, and one greater and the other less than the height of the Water-Barometer.
(13)	What is the length of the smallest siphon that cai empty a vessel 2 feet deep ?
CHAPTER VII.
On the Thermometer.
93.	The general consequence of imparting heat to bodies is the expansion of their volume.
The particles which compose a solid body, as for instance a block of lead, are held together by the force of cohesion. It requires a force of great magnitude to increase or to decrease the volume of a block of lead, though lead is a soft metal. The application of heat, by weakening the force of cohesion, reduces lead and other metals to a liquid state, pushes the particles more widely apart, and thus increases the volume of the bodies to which it is applied.
If heat be applied to a liquid, as water, the cohesion of the particles is weakened, and they ultimately acquire a tendency to break away from each other and assume the form of a
vapour.
If heat be applied to an elastic fluid, as air, it causes it to expand. Thus if a bladder, partly full of air, be placed before a fire, the air will expand and distend the bladder.
Again, if a piston P exactly fits a cylindrical tube AB, and is supported by the condensed air in PB, if heat be applied to the air in PB it will expand and raise the piston.
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94.	The Mercurial Thermometer is an instrument' constructed to measure temperatures by means of the extent of the expansion or contraction of mercury.
It consists of a glass tube of uniform bore closed at A and terminating at the other end n in a bulb. The bulb contains mercury, which ex- ^-tends part of the way up the tube. The space ? between the mercury and the top of the tube is a | vacuum.
If the mercury in the instrument be subjected i to an increase of heat, it expands and rises higher t in the tube.	r
A vacuum is obtained in the upper part of the	|
tube before the end A is closed by making the	>
mercury in the instrument boil, so as to expel the air through the opening at A, which is then her-metically sealed, and the mercury sinking as it cools leaves a vacuum in the upper part of the tube.
95.	To graduate a Thermometer.
The portion of the instrument containing the mercury is plunged into melting ice: the mercury shrinks, the column descends and finally becomes stationary. The point at which it rests is marked; it is the freezing point of the thermometer.
The instrument is next placed in the vapour of water boiling under a given atmospheric pressure: the mercury expands, the column rises and finally becomes stationary. The point at which it rests is marked : it is the boiling point of the thermometer.
The space between the freezing point and the boiling point is divided into equal spaces, called degrees.
In the Centigrade Thermometer freezing point is marked 0° and boiling point 100°.
In Fahrenheit’s Thermometer freezing point is marked 32° and boiling point 212®.
In Reaumur’s Thermometer freezing point is marked 0° and boiling point 80°.
96.	Hating given the number of degrees on Fahrenheit'* Thermometer, to find the corresponding number of degrees on the Centigrade Thermometer.
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Let AM be the line at wluch the mercury stands at freezing point,
BN........•.............................at boiling point.
Then
AM and BN are marked 0“ and 100° on the Centigrade scale .......................  32°	and 212°.......Fahrenheit......
Let the mercury stand at the line PQ, and suppose the graduations on the scales to be C° and F^ respectively.
AP MQ 0W AB ~ MN’
C F- 32 01 100 = 212-32’
C F-32 °r 100 “ 180 ’
C F-32 ”5“	9	’
and from this equation we can find C when F is given and F when C is given.
97.	To compare the scales of the Centigrade and Reaumur’s Thermometer, we proceed in the same way, putting ^>" R, 80° instead of 32”, P, 212° respectively, and we obtain
c
100~ 80*
Hence the three scales arc thus connected, C=F-32 = R 5	9	4 '
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9S.	The following examples will shew how to find the number of degrees marked on any one of the three scales when the number marked on one of the other scales is given.
Ex. (1) What reading on the Centigrade scale corresponds to 56° Fahrenheit ?
and F= 56, C 56-32 5“	9	’
.’. 9(7=5x24,
.*. the reading on the Centigrade scale is 13| degrees.
Ex. (2) What reading on the Fahrenheit scale corresponds to 14° Centigrade ?
Since C= 14, 14 F-32. 5 -	9	’
/. 126 = 57'-160,
.'. 5F= 286,
•'• F’=574,
that is, the reading on the Fahrenheit scale is 571°.
Ex. (3) If the sum of the readings on a Centigrade and a Reaumur be 90, what is the reading on each ?
Here we have two equations, from which we can find U-and B,
C B
5	4
(1),
(7+72=90......(2);
.’.4(7=57? )
4(7+472 = 360 j ’
.’. 47? = 360 - 572,
.’. 972 = 360,
and so 72 = 40 and C=50.
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Examples.—VII.
(1)	Give the number of degrees in the Centigrade and Reaumur’s scale respectively that correspond to the following readings on Fahrenheit’s scale,
(1)	30°, (2) 45°, (3) 56°, (4) 0”, (5) -7°, (6) -45°.
(2)	Give the number of degrees in the Centigrade and Fahrenheit’s scale respectively that con-espond to the following readings on Reaumur’s scale,
(1)	5°, (2) 20’, (3) 0°, (4) -18°, (5) ^64’, (6) 120’.
(3)	Give the number of degrees in Fahrenheit’s and Reaumur s scales respectively that correspond to the following readings on the Centigrade scale,
(1) 16°, (2) 45°, (3) 110°, (4) 0°, (5) -15°, (6) -24».
(4)	Is it necessary that the section of the tube through which the mercury rises in the Thermometer should be the same throughout ?
(5)	If the sum of the readings on a Centigrade and Fahren-heit be 60, what is the reading on each ?
(6)	At what temperature will the degrees on Fahrenheit be five times as great as the corresponding degrees on the Centigrade ?
(7)	At what point do Fahrenheit and the Centigrade mark the same number of degrees ?
(8)	Show how to graduate a Thermometer on whose scale 20° shall denote the freezing point, and whose 80th degree shall indicate the same temperature as 80’ Fahrenheit.
(9)	What will be the reading on the Centigrade when Fahrenheit stands at 78° ?
(10)	The sum of the number of degrees indicating the same temperature on tho Centigrade and Fahrenheit is 88, find the number of degrees on each.
(11)	What reading on the Centigrade corresponds to 49° Fahrenheit ?
s. n.
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(12)	What would be the inconvenience of having the bore of the Thermometer large ?
(13)	At what temperature will the degrees on Fahrenheit be 3 times as great as the corresponding degrees Centigrade 1
(14>	The numbers of degrees indicated at the same instant by a Centigrade and a Fahrenheit’s thermometer are as 5 : 17; determine the temperature.
(15)	What is the temperature when the number of degrees on the Centigrade is as much below zero, as that on Fahrenheit’s is above zero ?
(16)	One Thermometer marks two temperatures by 9° and. 10° ; another Thermometer by 12° and 14°; what will the latter mark, When the former marks 15° ?
(17)	One Thermometer marks two temperatures by 8° and 10° ; another Thermometer by 11° and 14°; what will the latter mark when the former marks 16° ?
(18)	If the difference of the readings on Fahrenheit and Reaumur be 47, what are the readings I If the difference increase by a given number of degrees, find how much each of the thermometers has risen.
CHAPTER VIII.
Miscellaneous Examples.
99.	* We shall now give a. series of examples to illustrate more fully the principles explained in the preceding Chapters. The important law of pressure in the case of compressed air, of which we treated in Arts. 80, 81, will be referred to as Marriotte's Law*.
Examples worked out.
1.	Water is 770 times as heacy as air. At what depth in a lake would a bubble of air be compressed to the density of water, supposing Marriotte’s law to hold good throughout tor compression I
At the surface the density = that of atmosphere, and 33 feet of water are equivalent to one atmosphere ;
:. at depth of 33 ft. the density = twice atmospheric pressure.
.............(2 x 33) ft......= three times................
...........(769 x 33) ft......= 770 times..................
.’. the density will be equal to that of water at a depth of (769 x 33) ft. i. e., 25377 ft.
• It was proved by the independent researches of Marriotte, a French Physician, and Boyle, the Eng^ Philosopher.
6—2
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2.	A body weighs in air 1000 grs., in waler 300 grs., and in another liquid 420 grs.: what is the specific gravity of the latter liquid I
In water the body loses (1000-300) grs., i.e. 700 grs., in other liquid............(1000 —420)grs., i.e. 580 grs.;
.•. equal volumes of water and of the other liquid weigh respectively 700 grs. and 580 grs.
580 ;. measure of specific gravity of other liquid = ’ ^ = ‘8285714.
3.	Taking account of atmospheric pressure, and taking 23 feet as the height of the water barometer, al what depth in a lake is the pressure twice zchat it is at a depth of one yard ?
Pressure at the surface = weight of column of water 33 ft. high, Pressure at 3ft. depth = weight of column of water 36ft. high; /. for a double pressure we must take 36 feet lower, that is, 36 feet lower than 3 feet, or 39 feet from the surface.
4.	A flat piece of iron, weighing 3 lbs., floats in mercury;
5 and if another piece of iron of like density weighing 2 — lbs.
is placed upon it, the flat piece is just immersed. - Compare the specific gravities of iron and mercury.
(5 \	5
3 + 2 n/, ) lbs. = 5 — lbs.
2b J	2b
The volumes of the part immersed and of the whole will be
5
as the weights, that is, as 3:5—, or as 78 : 135.
.’. sp.gr. of iron : sp. gr. of mercury = 78 : 135, = 26 : 45.
5.	Air is confined in a cylinder surmounted by a piston without weight, whose area is a square foot. What weight must be placed on the piston that the volume of air may be reduced to half its dimensions ?
By Marriotte’s law the air when reduced to half its volume will have double its original pressure. Hence taking 15 lbs. per square inch as the original atmospheric pressure, it be-
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conies 30 lbs. per square inch below the piston. But the atmosphere still exerts a pressure of 15 lbs. per square inch above the piston. Therefore a pressure of 15 lbs. more per square inch is required to keep the pistou at rest.
.'. weight required=(15 x 144) lbs. = 21 CO lbs.
6.	If the capacity of the receiver of an air-pump be 10 times that of the barrel, shew that, after 3 strokes of the piston, the air in the receiver will have lost nearly one-fourth of its density.
By the formula of Art. 72, if p0 and pn be the densities originally and after the n^ stroke, aud R and B be the capacities of the receiver and barrel,
Pn _ f — Y
po y^ + B/
. p3 f 10 \3 _ 1000.
“ p0" \10-t-M “ 1331'
,	1000\	331	1
.'.	density lost=	I 1	-	—	p0=	7777 Po	=	7 Po nearly.
\	Look/	ludl
A block of wood I s. g.
12\
13/
weighing 156 lbs. is float-
ing in fresh icater. What weight placed on it will sink it to the level of the water ?
* Let ar=the weight in lbs.
Then x + 156 = weight in lbs. of water displaced by volume of wood alone,
= x loC>
= 169;
.’. z=(169 -156) lbs. = 13 lbs.
8.	In a mixture of two fluids, of which the specific gravities are 3 and 5 respectively, a body, whose s. g. is 8, loses half its weight. Compare the volumes mixed.
Weight lost=weight of fluid displaced,
= 5 weight of body whose s. G. is 8»
:. a. g. of the mixture is 4.
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And since the separate specific gravities are 3 and 5, while the sp. gr. of the mixture is 4, the fluids must be mixed in equal volumes.
9.	A vessel of water has for its horizontal section a rectangle 6 feet by 2 feet. A substance weighing 550 lbs. is immersed in it, and the water rises 8 inches. Find the specific ravity of the substance.
Sectional area= 12 square feet.
Volume of substance = ( 12 x
|) cub. ft.
= 8 cubic feet;
.'. 8 cubic feet of the substance weigh 550 lbs.;
550
.’. 1 cub. ft............................ —	lbs., or 68'75 lbs.
Also, a cubic foot of water weighs 62'5 lbs.,
.'. sp. gr. of substance =- — =1'1.
62'u
10.	A cylinder floats in a fluid A with one-third of its axis immersed, and in another B with three fourths of its axis immersed. How deep will it float in a fluid which is a mixture of equal columes of A and Bl
3	1
Sp. gr. of A : sp. gr. of 2? = - : 3,
= 9:4;
9 + 4
.'. sp. gr. of mixture of equal volumes = — =6'5.
If therefore the body has | of its axis immersed in a fluid of s. g. 9, when it is immersed in a fluid of s. G. 6'5 the part immersed is obtained from the following relation, where x is the part immersed,
6 2 : 9 “ 3 : ^
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100. We shall now give a set of easy Examples to be worked by the student by way of practice.
Examples.—VIII.
1.	An iceberg (s. o. ’925) floats in sea-water (s. g. 1025). Find the ratio of the part out of the water to the part immersed.
2.	. A body floats in a fluid (s. g. ’9) with as much of its volume out of the fluid as would be immersed if it floated in a fluid (s. g. 1’1). Find the specific gravity of the body.
3.	Find the Fahrenheit Temperatures corresponding to — 40° and +350° Centigrade.
4.	The capacities of the barrel and receiver in a Smeaton’s air-pump are as 1:3. A barometer enclosed in the receiver stands at 28 inches. What will be the height after tliree upward strokes of the piston 1
5.	Two hydrometers of the same size and shape float in two different fluids with equal portions above the surfaces, and the weight of one hydrometer : that of the other =1 : p. Compare the specific gravities of the fluids.
6.	A man weighing 10 stone 10 cz. floats with the water up to his chin when he has a bladder under each arm equal in size to his head and without weight. If his head be onetwelfth of his whole bulk, find his specific gravity.
7.	At what height does the water barometer stand when the mercurial barometer stands at 28 inches (s. g. of mercury = 13'6)?
8.	What degree Centigrade corresponds to 27° Fahrenheit ?
9.	A man 6*feet high dives vertically downwards with his hands stretched 18 inches beyond his head. What depth has
3
ho reached when the pressure at his fingers’ ends is o that at his feet 1
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10.	- A string.will bear a strain of 10 lbs. 7 oz. Determine the size of the largest piece of corn (s. g. *24) which it can keep below the surface of mercury (s. g. 13'6).
11.	In De Lisle’s Thermometer the freezing point is 150° and the boiling point zero. What degree of this thermometer corresponds to 47° Fahrenheit?
12.	Cork would float in n atmospheres. Find n (s. g. of air and cork being ’0013 and *24).
20 4" 22
13.	An elastic body of s. g. '5 is compressed to —--of
20 + 4«
its natural size by immersion n feet in water. At what depth will it rest ?
14.	If the body in Question 13 weigh lOlbs., what are the magnitudes and directions of the forces which will keep it in equilibrium at depths (a) 5 feet, and (j3) 30 feet ?
15.	At what depths will the force required to keep the body in Questions 13 and 14 at rest be 1 lb. ?
16.	At what temperature are the readings on Reaumur, Centigrade and Fahrenheit proportional to 4, 5, 25 ?
17.	At what temperature is the sum of the readings on Reaumur, Centigrade and Fahrenheit 212 ?
18.	A body (s. g. 2'6) weighs 22 lbs. in vacuo and another body (s. g. 7'8) weighs n lbs. in vacuo; and their apparent weights in water are equal. Find n.
19.	Find the specific gravity of the fluid in which tho apparent weights of 1 lb. of one substance (s. g. 3) and 3 lbs. of another substance (s. g. 2 25) are equal.
20.	Equal volumes of two substances (s. g. 2'7 and 6*1) are immersed in water and balance on a straight lever 71 inches ong. Find the position of the fulcrum.
101.	We proceed with some examples of somewhat greater difficulty than those already given.
Note. We shall assume that the volume of a sphere is irr3, r being the radius
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Examples worked out.
1.	Shew how the depth of the descent in a Dicing Bell-can be determined from observations on the barometer.
y
D
Let AB be the surface of the water, CD the water level in the bell at the end of the descent.
Now pressure at CD is equal to pressure throughout the upper P111-*1 °f the hell, and is therefore equal to the pressure due to atmosphere + weight of column of water (x + y) ft. high.
Hence if S be the measure of the specific gravity of mercury, and h, K the measures of the heights of the mercurial column at surface of the water and at the bottom, measure of pressure at CD=hs+(x+y) * 1.
But measure of pressure at CD-h's;
.*. hs+x+y = h's, ;. x=(h'-h)s-y.
Now, by Marriotte’s law, if a be the measure of the height of the bell, y h	h
a=h- ^^k“*
.'. x=(h' — h)s~^ a. n
9°
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2.	What must be the least size in cubic feet of an inflated balloon, that it may rise from the earth when filled with gas whose specific gravity compared with that of air is ’08, the weight of a cubic foot of air being *3 grains, and the collapsed balloon car and contents weighing altogether 550lbs.?
Taking 1 as the measure of the specific gravity of air, and V .................. of	the volume of the inflated balloon.
of inflated balloon, ) neglecting weight of envelope,}
= (‘08 x K x *3) grs.
weight of air displaced = (Kx 1) grs. = Fgrs.
Now 1 cubic ft. of air weighs ’3 grs.,
.’. V ...................... SFgrs.;
.’. ascensional force = (‘3 V — ‘OS V x -3) grs.
= (‘92 x ‘3 V) grs.
:. ‘92 X-3 F= 550x7000,
. p-=^ x ,0^°cub. ft. =8072‘5cub. ft. nearly.
‘92 x ‘3
3.	The weight of a globe in air is W, and in water w ; find its radius, supposing s and a to be the specific gravities of water and air.
Let R = radius of globe, and P = weight of globe in vacuo.
4
Then volume of globe = - -R3 ;
.-. P-Utfa^ w..(1),
P-t kR^s =w .......... (2).
Hence, subtracting (2) from (1), r-R3 (s—a) = W— w ;
s — a
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4.	How deep must a cylindrical dicing bell be submerged to as to be just half full of water ?
At first the bell is full of air of ordinary density.
When the bell is half full of water, the air is compressed into half its original volume, and therefore the density is doubled.
But the additional density is entirely due to the weight of a column of water 33 feet high.
Hence when the surface of the water in the bell is 33 feet below the upper surface, the bell will be half full of water.
5.	A spherical balloon is to be formed of a material oj which the thickness is k, and specific gravity relatively to air 2: if it be filled with gas of specific gravity d, prove that in order that it may ascend the extreme radius must exceed
P-dJ'
Let x=extreme radius.
Then x—k = interior radius.
4
/. weight of envelope alone=- w {of - (x - k)3} 3 ... (1),
4 ...gas..........-	w(«-k)’^.....(2),
4
air displaced ... = -ira?x 1...(3).
The balloon will not ascend unless the sum of (1) and (2) be less than (3).
/. ^7r{x3-(x-K)3}8 + ^ir(x-K)3d-^7rx3 less than 0;
.'. a?3 (3 — 1) less than (x - k)3 (3— d),
— greater than (^j ,
/. 1 - greater than I r—, 1 ,
x	\o — a/
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- less than 1 -x
\d-dj ’
x greater than
6.	For two given temperatures the readings of one thermometer are n^ and m° and of another p° and p* respectively. What will be the reading of the latter when the former gives V ?
(n—m) deg. of the 1st are equivalent to (y—p} deg. of the 2nd.
1:
P
....... 1st...............   £	....... 2nd. n-m
...... 1st............. (	-I2nd. \n—m/
7.	A globe, 2 feet in diameter, when floating is half immersed in water ; what is its weight ?
The globe must be half as heavy as water.
4
Now volume of globe = -w cubic feet,
3
and 1 cub. ft. of water weighs 62*5 lbs.
4	/
-7T cub. ft. of water weigh I 62 25 x
3	\
1 f	4tt
.*. weight of globe = - I 62*25 x —
2 \	3 .
= 130*9 lbs. nearly.
8.	A sphere whose radius is 6 inches and weight 35 lbs is suspended by a string. Required the tension of the string when the sphere is wholly immersed in water.
4
Volume of sphere = - tt
3
$	7T
cub. ft.= - cub ft 6
Weight of water displaced = ^ x 62*5) lbs.
tension of string =
lbs.
= 2*275 lbs. nearly.
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9.	A pipe 15 feet long, closed at the upper extremity, is placed vertically in a tank of the same height, and the tank is filled with water. Prove that if the height of the water barometer be 33ft. Sin., the water will rise 3fl. 9 in. in the tube.
Let x=measure of height to which the water rises in feet.
Then 15—#=measure of space filled with air.
By Marriotte’s law, the pressure of the air inside may be represented by
But this pressure is also represented by the measure of a column of water 33| ft. + a column (15 - #) ft.
33?+15-# = —— x 33?, ,	4	la-# 4
or
.'. # = 60 ft or 3 ? ft. 4
The first result is evidently impossible.
10.	If a lighter fluid rest zipon a heavier, and their specific gravities be s and s', and if a body whose sp. gr. is a rest with V of its volume in the upper fluid and V' in the lower, shew that
V : V = d-a : a-s, weight of body=weight of fluid displaced,
=sV+s'V',
.'. V\<T — s) = V'(s' — <r),
.-. V : V^s'-cr : a-t.
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Examples.—IX.
1.	Equal volumes of gold (s.g. 19*4) and silver (s.g. 10*4) balance on a straight lever, (1) in vacuo, (2) in water, (3) in mercury (s.g. 13*5). Find the ratio of the arms and position of the fulcrum in each case.
2.	Au inclined plane is immersed in a fluid (s. g. 3) and a body (s.g. 7) weighing 7 lbs. in vacuo is supported on the plane by a horizontal force of 3 lbs. Find the ratio of the height and base of the plane.
3.	A balloon filled with Hydrogen (s. g. *07) just rises in air (s.G. 1). The balloon, exclusive of the Hydrogen, weighs 10 cwt. If a cubic foot of air weigh 1*3 oz., find the volume of Hydrogen in the balloon, neglecting the volume of all else.
4.	If the balloon in Question (3) rise and rest with its barometer at three-fourths of its original height, how much gas must have been expelled, and how much ballast thrown out?
5.	Explain why the gas and ballast in Question (4) are expelled.
6.	A evlindrieal vessel is made of wood: the exterior radius is 4 inches and the interior 3 inches, the thickness of the bottom one inch, and the height of the cylinder 9 inches. It floats in water when the bottom is 3 inches below the surface. Find the specific gravity of the wood and the depth to which it will sink when a small hole is made in the bottom.
7.	A piece of ice, supporting a stone, floats in a vessel of water. Will any change take place in the level of the water as the ice melts ?
( 8. Shew that in a cylinder immersed as in Question (25). • page 64, the depth of the interior surface below’ the exterior is ( a mean proportional between the height of the water in the . cylinder and that of the water barometer.
9.	A cubical water-tight box, whose edge is 1 foot, is sunk to a depth of 80 fathoms in the sea. Find the pressure on the top.
Would it make any difference in the circumstances of the box if it were not water-tight ?
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10.	An elastic air-tight bag has forced into it air sufficient to fill 19 bags of the same original size. To what depth must it be sunk in the water that it may return to its original size, the height of the water-barometer being 34 feet ?
11.	A vcsssel made of thin heavy material and containing a cubic foot of fluid, the specific gravity of which is ^, floats in water, the surfaces of the water and the fluid being in the same horizontal plane. Find the weight of the vessel when empty.
12.	In Question (11) if some more fluid of the same kind be poured into the vessel, will the surface of the fluid or that of the water be the higher ?
13.	A cylinder 30 inches long is composed of lignum vitoe in its lower half and cork in its upper half, and floats vertically in water. If the specific gravities of lignum vitae and cork be 11 and 25 respectively, shew that the cylinder will float 20 25 inches deep.
14.	Two pieces of cork, both small but the volume of one three times that of the other, are connected by a thread three feet long passing round a fixed pulley at the bottom of a tank of water 2 feet deep. Supposing the specific gravity of cork to be *25, shew that in the position of equilibrium the smaller piece will be totally immersed and the larger piece half immersed.
15.	Two reservoirs of water at different levels are separated by a solid embankment, and a bent iron tube of adequate length is placed with an end in each. If the barrel of an air-pump be screwed into an aperture at the top of the tube, shew that generally after sufficiently working the air-pump the water will flow through the tube from the higher reservoir to the lower. Under what circumstances will this fail to take place 1
16.	Two bodies of equal volume are placed one in each scale-pan of a Hydrostatic Balance, and are then immersed in two liquids which are such that the bodies just balance each other; the liquids arc then interchanged, and it is found that the bodies balance when one of them is just half immersed. Find how much of the heavier body must be immersed in a liquid, composed of equal volumes of the two liquids, so that it may just balance tho lighter not immersed.
MISCELLANEOUS EXAMPLES.
17.	A siphon ABC, each branch of which is less than 30 inches long, is filled with mercury and both ends are stopped. It is then placed with the end A in a bowl of mercury and the end C in a bowl of water, the surface of the mercurv being lower than that of the water and higher than the end C. If ? he ends be simultaneously unstopped, shew that mercury will fluw through the tube into the water provided that
^ be greater than -,
* P
z, y being the respective depths of the end C below the planes of the surfaces, and p, p' the respective densities of mercury and water.
18.	The air-vessel of a force-pump is a cylinder of height c, whose section A is the same as that of the piston: the water has to be lifted to height h of the water-barometer above the bottom of the air-vessel, by means of a pipe of section a and height h : if, when the pump commences working, the water be just below the valve in the air-chamber, find after how many strokes, each of lengths, of the piston, the water will be at the top of the pipe.
19.	A cylinder whose height is 8 inches, is floating with its axis vertical and its base 5 inches below the surface of water: a weight of 6 lbs. when placed on the top of the cylinder just brings the upper surface to the level of the water.. Find the weight of the cylinder.
20.	When two metals are mixed in equal volumes they form a compound of specific gravity 9 ; when they are mixed in equal weights they form a compound of specific gravity 8 find the specific gravities of the metals.
, 21. A cylindrical jar can just sustain a pressure of 1G5 lbs. to the square inch without breaking, and an air-tight piston which fits the jar is thrust down and compresses the air in the jar. Find the height of the jar, supposing it to burst when the piston is an inch from the bottom of the cylinder, the pressure of atmospheric air being 15 lbs. to the square inch.
22.	In Smeaton’s air-pump if there be communication with a condenser through the upper valve, and the capacity of the cylinder be half that of either receiver compare the pressures in the receivers after two descents am ascents of the piston.
. NOTES.
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1.	Law II., given on page 4, can be deduced from Law I., but the method of reasoning is not adapted to an elementary treatise.
2.	On page 15 the construction of the cylinder and lines 6, 7, 8, 9 are not necessary to the proof, for it follows at once from Art. 34 that
fluid pressure at A = fluid pressure at B.
3.	On page 24 it might be clearer if we inserted the sign x or the word times between VS, and (unit of weight) in line TV
7, also between -^ and (unit of specific gravity) in line 14, and so in several other cases in pages 24 and 25.
4.	The first sentence in page 53 is not quite correct: it might better stand thus: “The'exhaustion of the air is retarded by the difficulty of making the piston come into close contact with the valves at A and C, and it must always be limited by the weight of the valve CT
5	The Aneroid Barometer is so called because no liquid (d privative and mjpbs “moist”) is used in its construction. A metal cylinder about an inch in height, closed by an clastic piece of metal, is exhausted, and as the metal covering rises or is depressed, according to the changes of atmospheric pressure, it sets in motion hands like those of a watch connected with it.
6.	In reading the descriptions of the Pumps in pages 67—71 the student must be careful not to derive any erroneous notions from the uee of the words Suction-pipe. It is retained (perhaps not wisely) as a technical term, convenient for distinguishing the lower part of the pumps from the barrel.
7.	In the description of the Siphon on page 72 it is said to be of uniform bore. This is not essential co the working of the instrument, but it conduces to the regular action of it, and renders the explanation more simple.
8.	H.	7
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It is also stated on page 72 that the longer branch must be outside the vessel. This is not necessary, for the instrument will work with the shorter branch outside, provided that the extremity of that branch be below the surface of the fluid.
8.	To the Thermometers it might be well to add that which is called De Lisle’s. This is much used in Russian scientific operations. In it the boiling point is marked 0°, and the freezing point 150°.
9.	It should be carefully observed that the freezing point of a Thermometer is found by placing the instrument not in freezing water, but in melting ice.
ANSWERS.
Examples I. (page 8.)
1.	56? tons. 2. 30 tons. 3. 29629'629 lbs.
4.	1 oz.	5. 1 oz.
6.	The area of a circle whose radius is r is irr2, and tak ing ^ as an approximate value of w, the answer is 5587 J§ cwt
Examples II. (page 18.)
1.	20 lbs. 2. 37,% lbs. 3. 7:6.	4. 9:8.
5.	10 feet. 6.	12 lbs.	7.	9 lbs.
8.	1 ton 7 cwt. 3qrs. 17 lbs. 9. 11 lbs. 12? oz.
10.	22500 lbs.	11.	1125^/3	lbs. 12.	? of its height
13.	Since the external pressure on the cork increases with the depth, while the internal pressure is constant, the cork will be forced in when the former exceeds the latter.
14.	12.1 tons.
15.	18 feet.
Examples III. (page 27.)
1.	165 lbs. 2. 18:1.	3. 7}?oz.	4. *8.
5.	5 oz. 6. l^oz. 7. -------------.	8. 7’776.
m
9.	1’16.	10. 844.	11. 14.
12.	- cub. in.; - cub. in. 4	4
13.	Volumes as 1:2, weights as 1 : 4.	14. 2:1.
.15. 2] J.	16. 2.	17. 9’325.
IOO
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18.	If dy d2, d3 be the measures of the densities of the fluids, and d be the measure of the density of the mixture, d3=od—d} d2.
19.	8*241...	20. '802... 21. 18’41.	22. 1’61..
23. 313.	24. 8’6... oz.
25.	The volumes are as 57 :1, the weights as 2223 : 97.
Examples IV. (page 42.)
1.	3’3	2. 507870 tons. 3. three-fourths.
4.	4 dwts. 20|$ grs. 5. 4. 6. 3 times weight of tub.
7.	two-thirds. 8. oz. 9. oz. 10. 3 oz.
57	432
5	5
11.	42 oz. 12. — oz. 13. -lbs. 14. 3’5. 3b	b
15.	^.	16. t 17. ^	18. 171.	19. 2?.
20.	^.	21. ^.	22. 2.	23. 47^ lbs.
24.	12 feet.	25. ’66.
26.	Because the specific gravity of salt water is greater than that of fresh water.
27.
34 . , - - inches.
63
28. 1728.
30.
32.
Edge of cube is 2 feet, height of triangle
./3
33.
29. 7 lbs. 9^oz.
31. 5-}.
1 : 4 when vertex is
downwards ; 3 : 4 when vertex is upwards.
35. ’75.	36. 2 inches. 37.
•9.
39.
42.
4 lbs.
40. 3 lbs.
41.
34. 16 lbs.
On 26 .	.
38. — inch.
13a
95 lbs.
w1 (ic2 -w) :w2 (w! - w).
wood be lighter than water.
44.
43. Increased, if the 3 : 2.	45. 1’1.
47.
14129
17740
or 8 nearly.
48.
5^j inches.
49.
53.
8^ lbs. 50. 9J| lbs. 6 inches.
51.
55.
10 Ji}. 52.
56.
86400 . .
-----cub in.
2053
57.
t^; of a cubic yard. 866
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58.	3	85 -of volume. 59. 750 oz. 60. — of a cub. ft 5 *	103
61.	936302451’687 cub. ft. 62. — .	63. m : n. 3
64. 67.	900 grains. 65. l^A or 1’0272 nearly. 66. ’54. 433 grains.	69. 42^ cub. in.
Examples V. (page 60.)
(10\6	.	64 •
— ) times original density. 2. — times original pressure. 3. 9:1.	4. No. because the
pressure varies with the depth alone; so that if the section varied there would still be equal vertical increments of space for equal increments of pressure. 5. 53? lbs.
6.	11$ inches. 7. The mercury would fall to the level of the surface in the cup. 8. 14'625 lbs. 9. 10 feet.
10.	No : because a volume of mercury equal to that displaced by the iron will descend and allow the iron to take its place without disturbing the general upper surface.
11.	Sink: see answer to (16).	12. The mercury
would descend a little. - 13. 2'38 square inches. 14. '0109 . of original volume. 15. lfL5^\in. 16. When the floating body is partially immersed, both air and water are displaced: but the absolute weight of floating body = weight of displaced fluids, which must therefore be constant: therefore when the barometer rises, there must be a less water displacement, i.e. the body rises: while any decrease in the atmospheric pressure (when the barometer falls) will necessitate an increased water displacement, and therefore the body then sinks a little. 17. 1:2.	20. 28'8 inches.
21.	1080 lbs. 22. 26 finches. 23. 5 feet. 24. 6:1.	25. The air will be compressed inside, and
so displace less water: and since it floated originally, it will now sink, because the weight of displaced fluid is now less than che weight of the body. 26. 5 times original pressure. 27. 32 ft.	28. 5tVs oz.	29. 4776 oz.
bO. AB : BC=p : q-p. 32. The space between zero
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point and any graduation ought to be less than the space indicated by the number placed against that graduation in the ratio of 17 : 18. 33. 14*93o4bs. nearly.
34.	yo of an inch. 35. Low. 36. 4| inches.
Examples VI. (page 75.)
1.	It will increase the time of filling the receiver, since the only effective work would be done by the descending piston, after passing the hole. It will fill the tank in 3 time* the original time.	2. 27$ lbs.
3.	(a) If the hole be below the level of short end, no effect.
(3)	If above this level but still in the long branch, all the fluid in this branch below the hole will descend, and ail above in the same branch will ascend causing the remainder of the fluid to flow through the short branch, till the siphon is emptied.
(y) If in the short branch, all the fluid below the hole is this branch will descend ; all above in the same branch will ascend and flow through the long branch, emptying the siphon.
(3)	If at the top of the siphon, the fluid will descend in each branch and empty the siphon.
4.	32 ft. 9’53 in. or 32*79416 feet. 5. The fluid would descend in each branch and the siphon be emptied.
6.	Equally well at both, if the siphon be not too high.
7.	No: because the hold is lower than the surface in harbour.
8.	33 ft. H l in. 9. If the air be removed from the siphon, the fluids would first ascend in each branch and afterwards flow as usual. 10. The water would rise in the inverted tube as high as the top of the inserted tube and afterwards flow out of it. 11. First, the water would soon cease to flow. Secondly, it would rise in each branch, and afterwards flow. 12. (a) The water will flow into the lower vessel. QS) The water will descend in each branch till it stands at 34 feet above each surface, (y) The same us v4 13. Each branch 2 feet.
ANSWERS.
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Examples VIL (page 81.)
1.	(1) -1|’; -$®	(2) 7^’; 5^.	(3) 13^; 10|’.
(4) -17F; -14#°.	(5) -21~°; -17^. (6) -42^; -342’.
2.	(1)6|°;43|°. (2) 2 5°; 7 7°. (3)0°; 32°. (4) -22|°; -8*°. (5) -80°; -112°.	(6) 150°; 302°.	3. (1) 604°; 124°.
(2	) 113°; 36°.	(3) 230°; 88°.	(4) 32°; 0°.	(5) 5°; -12°.
(6)	—11|°; —194°.	4. Yes: if the graduations are to be
uniform. 5. 10° Cent, and 50° Fah. 6. 10° Cent, and
4
50° Fah. 7- —40°.	8. Make each degree - ths that on
o
Fahrenheit. 8. 25|°.	10. 20’Cent., 68° Fah. 11. 9*°.
12.	The graduations would be inconveniently small.
13.	80° Fah.	14. 20° Cent., 68° Fah. 15. -Ilf Cent.,
Ilf Fah. 16. 24°. 17. 23°. 18. 59° Fah., 12° Reaum.;
0^	Ad
if d be the number of degrees, Fah. rises — and Reaum. —. °	’	5	5
Examples VIII. (page 87.)
1.	4 : 37.	2.	•495.	3. -40° and 662°.
4.	11*8125 inches.	5.	1 : p.	6. 1'083.
7.	31 ft. 8*8 in.	8.	-2p.	9. 22|ft.
10.	— cub. ft. 80	11.	137|°.	12. ’^.
13.	10 feet.	14.	(a) 2 lbs. downwards ;
(3)	2 " lbs. upwards.		15. 7 5 ft., and 13 ft
16.	50° Fahrenheit.		17. 122° Fahrenheit.
18.	15 ÎT 19‘		2.	20.	17f inches from (
end.
Examples IX. (page 94.)
1.	(1) 97 : 52.	(2) 92 : 47.	(3) 59 : 90.
In (3) fulcrum is at one end, and gold between fulcrum and silver.
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„ 10xll2xl6„	, 1
2.	3:4.	3. ----—-------ft. 4. -of the gas
has been expelled, and | of the whole weight thrown out.
5.	Gas to preserve equilibrium of internal and external pressures on the balloon. Ballast to preserve equilbrium of vertical pressures on the balloon.
2	4
6.	Sp. gr. = -. Height immersed = 5 - inches.
7.	No change will take place till the stone falls from the ice, it will then displace less water than before, and the surface will consequently sink.
9.	Taking a cubic foot of water to weigh 1000 oz., the resultant pressure is 30000 lbs. The pressure would be the same inside as outside.
10.	102 fathoms. 11. 125 oz. 12. The fluid surface.
■ 2 o A (2h + c—*Jci + 4h2') + a(>Jc~ + 4h9—c)
16'	T _18’---------------------2J!-----------------•
19.	10 lbs. 20. 10 and 8.	21. 11 inches.
22.	33 : a
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W. 8. DANAGH, M.A., Inspector of Schools, Cumberland, N. S.
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By J. A. McLellan, LL.D., Inspector High Schools, and Thos. Kirkland, M.A., Science Master, Normal School, Toronto.
PRICE §1.00.
roblems on the American Continent.”—National Teachers' Monthly, N.Y,
From the GUELPH MERCURY.
. . . The work Is divided into six chapters. The first is on the Unitary Method, and gives solutions showing its application to a variety of problems, in Simple and Compound Proportion; Percentage, Interest, Discount, Profit and Loss; Proportional Parts, Partnership; Chain Rule, Exchange, Alligation; Commission, Insurance, &c., Stocks, and Miscellaneous Problems. Tlie second is on Elementary Rules, Measures and Multiples, Vulgar and Decimal Fractions. The third contains Examination Papers for entrance into High Schools and Collegiate Institutes, the fourth for candidates for third-class certificates, the fifth for candidates for the Intermediate Examination and second-class certificates, and the sixth for candidates for third-class certificates and University Honours. It will be observed that the work begins with the fundamental rules—those principles to be acquired when a pupil first enters upon the study of Arithmetic, and carries him forward till prepared for the highest class of certificates and for Honours of the University. . . . Teachers will find in it a necessary help in supplying questions to give their classes. Those who aspire to be teachers canuot have a better guide—indeed there is not so good a one—on the subject with which it is occupied.
From the ADVERTISER.
... By all who are groping after some method better than they have at present, this volume will be cordially welcomed, and many who have never suspected the possibility of accomplishing so much by independent methods, will be, by a perusal of the introductory chapter, impelled to think for themselves, and enabled to teach their pupils how to do so. . . . It is far superior to anything of the kind ever introduced into this country. . . . The typographical appearance of the work is of a very high character—quite equal, in fact, to anything of the kind issued by the best publishing houses of London or New York.
From the TELESCOPE.
. . . The plan of the work is excellent, the exercises being arranged progressively, each series preparing the student for the next. The problems are all" original, and so constructed as to prevent the student using any purely mechanical methods of solution. . . . We should really feel proud of our Canadian Authors and publishing houses, when we consider the infancy of our country and the progress it has made and is making in educational matters, ard particularly io the recently published educational works.
DR. MCLELLAN S MENTAL ARITHMETIC.
From the CHATHAM PLANET.
This book will prove an important auxiliary In the study of arithmetic.
A. C. HERRICK, Head Master of Public Schools, Collingwood.
McLellan’s Mental Arithmetic, Part L, is everything that can be desired as such. It should be in the hands of all teachers. Its source is a sufficient guarantee for its thoroughness. I would be pleased to see it introduced into all our schools.
R. KINNEY, M. D., Tnsp. Public Schools, District No. 2, Leeds.
Well adapted for use in our public schools.
D.	H. HUNTER, M.A., H. M., H. S. Waterdown.
It is an excellent little work, which will supply a want long felt by Canadian teachers.
J. FRITH JEFFERS, M.A.. Coll. Inst., Peterborough.
The Mental Arithmetic by Dr. McLellan supplies a want in our list of text-books. Ever since the introduction of the unitary method of teaching written arithmetic there has been needed such a guide in mental exercise. The methods of operation and the character of the examples make the little book worthy of a prominent place in school work.
W. H. LAW, B.A., Prin. High School, Brockville.
It will supply a very great defect, and I am sure the profession -will cordially welcome it. Rapidity with accuracy is not found in our schools, and the’Doctor’s excellent publication will admir-ably accomplish these results.
J. H. McFAUL, H. M. Model School, Lindsay.
It is a most excellent drill manual, and should be in the hands of every scholar.
A. BOWMAN, M.A.,H.M. High School, Farmersville
The Mental Arithmetic, like its author, needs no commendation. It was needed, and will bo much used.
M. MCPHERSON, M.A., H. S. S., Prescott.
You certainly deserve the thanks of all who aie interested in the education of our youth, for your efforts to supply our teaohers and pupils with suitable text bo*»ks. I cm pleased with McLellan’s Mental Arithmetic, and hope it will soon be in the hands of every teacher in this Province. Were more attention given to mental arithmetic in the urimary classes in our Public Scnools, there would be fewer failures at our second class and intermediate examinations.
ENGLISH GRAMMAR
BY C. P. MASON, B.A., F.C.P.,
Fellow of University College, London, With Examination Papers by W. Houston, MX PRICE 75 CENTS.
ALEX. SIM. MA., H. M., H. S., Oakville
Upwards of three years ago I asked a grammar school nspectot in the old country to send me the best grammar publi bed there. He immediately sent me Mason.
A P. KNIGHT, M.A, H.M., Kingston Collegiate Institute.
Incomparably the best text book for the senior classes nf cur high schools that has yet been offered to the Canadian public.
J. KING. MA., L.L.D., Principal. Caledonia, H. S.
Mason’s grammar will be found a most valuable class-book os pecially for the instruction of advanced classes in English. The chapter on the Analysis of difficult sentences is of itself sufficient to place the work far beyond any English grammar hitherto before the Canadian public.
RICHARD LEWIS, H. M., Dufferin School Toronto.
As a philosophical treatise its discussion of doubtful points and its excellent methods and definitions cannot fail to give it a high rank in the estimation of the best judges of such works—the school teachers of the country. It has reached a twenty-first edition in England and 1 have no doubt it will meet with the same high appreciation in this Province.
JOHN SHAW, H. M., H. S., Omemee.
* * ♦ Mason’s Grammar is j ust such a book as many teachers have been hoping to see introduced into our schools, its method being to teach the subject by explanation, definition and abundant illustrations without stereotyped rules thereby making the study even attractive.
D. C.MacHENRY, B. A., H.M., Cobourg Col. Institute.
It is an excellent and reliable work. It will be well received by teachers and advanced pupils.
JOHN JOHNSTON, P. S. I., Belleville and.South Hastings.
Of all the grammars that I have seen, I consider Mason’s the best.
J. MORRISON, MA., M.D., Head Master, High School. Newmarket.
I have ordered it to be used in this school. I consider it by far the best English grammar for high school purposes that has yet appeared. With “Mason" and “Fleming” nothing more seems t*> ne desired
TO AVOID CONFUSION, ASK FOR
•ZLEB'S SWINTON’S LANGUAGE LESSONS,
The Blew Authorized Grammar,
MILLER'S SWINTON'S LANGUAGE LESSONS,
BY J. A. McMILLAN, B. A.
The only Edition prepared as an Introductory Text Book to Mason's Grammar.
In Miller’s Edition of Language Lessons The Definitions of the Parts of speech are now made identical with blason’s Grammar.
The Classification of Pronouns. Verb«, floods, and General Treatment are the same as in Jlason’s Text Book.
Miller’s Edition is prepared as an introductory Text Book for Mason’s Grammar, the authorized book for advanced classes for Public Schools, so that what is learned by a pupil in an elementary text-book will not have to be unlearned when the advanced book is used, a serious fault with many of the graded Public School Books.
¡Hiller’« Edition contains all the recent examination Papers set for admission to High Schools.
.HILLER’S SWINTON’S LANGUAGE LESSONS
is authorized by the Education Department of Ontario,
is adopted by the Schools of Montreal,
is authorized by the Council of Public Instruction, Manitoba.
To the President and Members of the County of Elgin Teachers Association:
In accordance with a motion passed at the last regular meeting of the Association, appointing the undersigned a Committee to consider the respective merits of different English Grammars, with a view to suggest the most suitable one for Public Schools, we beg leave to report, that, after fully comparing the various editions that have been recommended, we believe that “Miller’s Swinton’s Language Lessons” is best adapted to the wants of junior pupils and would urge its authorization on the Government, and its introduction into our Public Schools.
St. Thomas, Nov. 3uth, 1878.
A. F. BUI LER, Co. Inspector.
J. McLEAN, *lown Inspector.
J. MILLER, M.A., Head Master St. Thomas Rich School.
A. STEELE, B A.,	•• Aylmer High School.
N. M. CAMPBELL, “ Co. of Elgin Model School.
It was moved and seconded that the report be received a; d adopted —Carried unanimously.
Price, Clotli Extra, -	£2.“Sc.
ADAM MILLED. & CO.
Whole iSeries inUneVolumeComplete, $1.00.
The New Authorized Elementary Grammar.
VLIETS SWINTON’S LANGUAGE LESSONS.
Miller’s Swinton’s Language Lessons is used exclusive!)' in nearly all the Principal Public and Model Schools of Ontario. Among them are
Ottawa, Hamilton, Whitby, Fort Hope, Cobonrg, Mitchell,
X ..?a nee*	Brockville,	Lindsay,	St. Catharines,
Sira! Uro j’,	Meaford,	Uxbridge.	Brantford,
Wind tor,	Clinton,	St. Thomas,	Perth,
Seaforth,	Listowel,	Bracebridge.	Belleville,
Adopted by	the Protestant	Schools of Montreal and Levi	
College, Quebec, Schools of Winnipeg, Manitoba, and St. John's, Aew Foundlaiid-
Resolution passed unanimously by the Teachers’ As sociation, (North Huron), heldat Brussels, May 17, 1878 “ Resolved, That the Teachers at this Convention are of opinion that ‘Miller’s Swinton Language Lessons,’ by McMillan, is the best introductory work on Grammar for Public School use, since the definitions, classification and general treatment are extremely simple and satisfactory.”
In my opinion the best introductory Textbook to Mason’s Grammar. All pupils who intend to enter a High School or to become students for Teachers’ Certificates, would save time by using it.
W. J. CARSON, H. M..
Model School, London.
The definition’s in (l Miller’s Swinton Language Lessons” are brief, clear and exact, and leave little to be unlearned in after years. The arrangement of the subjects is logical and progressive, and the book admirably helps the judicious teacher in making correct thinkers and ready readers and writers
B. W. WOOD, hi A Provincial H., P.S., Trenton Falls.
Be careful to ask tor MiLUEK'S SWJXTO.V, as oth- i e(iiii:;u* an1 iu the market.
THS EPOCH PRIMER
Of ENGLISH HISTORY.
Being an Introductory Volume to the series of Epochs of English History* by the Rev. MANDELL CREIGHTON, M. A., late Fellow and Tutor of Merton College, Oxford; Editor of ‘ Epochs of English History.’ Ecp.8vo.pp* 148, price 30 cts. cloth.
‘ In making history attractive to the young the Author has proved his aptitude in a department of literature in which few distinguish themselves... The narative is so sustained that those who take it up will have a desire to read it to the end.’
Dundee Advertiser.
‘As all the leading features—political, social and popular—are given with much impartiality, it can hardly fail to become a school class-book of great
utility.’
Worcester Journal.
‘ The Rev. Mandell Creighton has really succeeded in making an admirable resume of the whole of the prin-
ciple events in English history, from ! the time of the Roman Invasion down
This volume is intended tobe in-( mg time oi me nomau invasion uuwh ‘roductoryto the Epochs of English i to thc passing of the Irish Land Act History, and nothing could be better ¿n 1370. Interesting, intelligible and adapted for that purpose. The little clear, it will prove of great value in book is admirably done in all respects, the elementary schools of the kingdom; and ought to have the effect of sending and those advanced in years might find pupils to other and fuller sources of ft very handv and useful for casual historical knowledge.’ Scotsman, ¡reference.’ Northampton Herald.
‘Mr_Creighton’s introduction to the. • This volume, taken with the eight Epochs of English History covers in. small volumes containing the accounts a hundred and forty pages more than of the different epochs, presents what 1800 years, but having regard to its maybe regarded as the most thorough extreme condensation is well worthy course of elementary English History of notice. On the whole the work is ever published.....Well suited for middle class schools, this series may also be studied with advantage by senior students, who will find, instead of the mass of apparently unconnected facts which is too often presented in such works, a careful tracing-out of the real current of history, and an inrelate the history of England in a very feasible account of the progress of the small compass .. ..In this epitome the natl0n and its institutions epochs become chapters, but an in- {	Aberdeen Journal.
teresting account is given of suchi ‘ The whole series may be safely events as are likely to be attractive, or commended to the notice of parents even moderately intelligible to young and teachers anxious to find a suitable readers.’	Welshman. ।work on ^nSllsh history for their
’ children, inasmuch as the several
‘The excellent series of little books vol.^mes *r,e ^^^ and/^^ published under the title of Epochs of ™tten,without being overloaded with English History, edited by the Re/.: ^etaiis, and care has been taken to Mandell Creighton, M. Al, and writ- bnn^ every subject treated on within ten by various able and eminent writers the comprehension of the young. Ihe being now complete, the Editor has ■ ^^'P“1^ element, which is so prepared an introductory volume, cal-0^ conspicuous in histories for led the Epoch Primer, comprising a children is entirely absent and the concise simmary of the whole series.'^°rk sin questwn^
The special value of this historical out- • the best of the kind jet issued, ihe line is that it gives the reader a com-:1?^6 vo*ume n?w Ynder ?otice? ^^ prehensive view of the course of mem- hrings the series to a close, is fully orable events and epochs and enables I eQual m every respect to the preceding him to see how they have each con- ’ on”’ ??d n W111 be ^d exceedingly tributed to make the British Nation | y86^1^0 e™ry ™e wbo may bave to what it is at the present day.	। teack English history.	•- ^
Literary Wobld. 1	Leamington CorsnR. •
admirably done, and it will no doubt obtain a very considerable sale.’
Athenaeum.
1 An admirable little book that can scarcely fail to obtain a considerable popularity,} notwithstanding the great number of previous attempts made to
••Epochs in History mark an ^rvcn in the Study of it.”
G. W. Johnson, H.M.M.S., Hamilton.
An Acceptable Text-Book on English History
AT LAST FOUND!
EPOCHS OF ENGLISH HISTORY,
BY
REV. M. CREIGHTON, M.A.
Authorized by the Education Department.
Adopted by the Public Schools of Montreal, and a number oj the best Schools in Ontario.
’’ Characterized by Brevity and Comprehensiveness.”— Canada Presbyterian.
“ Amongst manuals in English History the Epoch Series is sure to take high rank.”—Daily Globe.
“ Nothing was more needed than your excellent Primers of English History.”—Fred.W.Kelly,M.A.,B.D., Leet, in English History, High School, Mont eal.
In Eight Volumes, 20 cents each,
—OR—
WHOLE SERIES in TWO VOLS. ONLY 50c. each. «ooajMcmrKaaaMaaaMSWBnMmKMKaiDeKBGMMMMnKmnBBBaKMBaHaDaas-TczsannDBBmBmnBs^B&a
Part I. Contain First Four of the Series.
Part II. Contains Last Four of the Series. -
ADAM MILLER & CO.
TORONTO.
CREIGHTON'S EPOCHS OF ENGLISH HISTORY
—o—
Rev. Geo. Blair, M,A., I. P. S., Grenville County.
“This little work, published in eight miniature volumes, at 20c. each, is peculiarly adapted for use in our Public and High Schools. Presented in this simple and attractive form, each of the great epochs of English History can be cheaply, easily, and thoroughly mastered before proceeding to the next.”
Thos. Carscadden, B.A., Head Master, High School, Richmond Hill.
u I can most cordially recommend them to all students who are candidates for the Intermediate, or teachers’ examinations.”
J. Turnbull, B A., Principal High School, Clinton.
“I have examined the ‘Epochs of English History’ and have formed a very high opinion of them, so much so, that I intend to introduce them into the High School here. As to the size and expense they have hit the happy mean, containing all that is really necessary and nothing more.”
H. J. Gibson, B A., Head Master, Renfrew, H. School.
44I have carefully examined your ‘Epochs of History,’ and believe them to be admirably adapted for preparing teachers for certificates. They are very neatly got up.”
John E. Bryant, B.A., Clinton.
“ I have been anxiously waiting for a Canadian edition of these delightful little books, and now that we have these, I shall introduce them into my classes as soon as possible.”
A. Ding wale Fordyce, P. S. I., Fergus.
44 I think it is a great mistake, at a time when imagination is peculiarly vivid, to expect history to be studied from the bare bones laid down, and that the little work referred to has been prepared in a simple, interesting way for those commencing the study of history, and fitted to carry them on by the grasp they can take of the subject as it is presented, and as one event is connected with another, I think some such’introductory work was much needed.”
J. M. Platt. M.D., P. S. I., Pieton.
“Neatness of 4 get up;’ simplicity of language; faithfulness of record; perfection in arrangement; interest of narrative; concise ncss and freedom from dryness ; or recital of facts, are but a few of the recommendations of these beautiful little works.”
F. H. Michel, B.A., H. M., H. S., Perth.
“ It has been said that a book that would supply the place of ‘Collier’s British History’ could not be obtained. This is more than answered by the ‘Epochs of English History.’ They proceed on the basis on which history should be taught. Divisions are made according to the inception and cessation of those forces that brought about changes in the English Constitution, while principles are clearly communicated and systematized. Not beyond the capabilities of younger children, they are also adapted for use in higher classes.’’
Robt. Rodgers, Inspector of Public Schools, Collingwood.
“ As an aid to the teacher they are invaluable.’’
Guelph Mercury.
44 The style is simple, and adapted to the capacity of children at school.”
BEATTY & CLARE’S BOOK-KEEPING.
A Treatise on Single and Double Entry Book-Keeping, for usb in High and Public Schools. t
By S. G. Beatty, Principal Ontario Commercial College, Belleville, and Samuel Clare, Book-Keeping and Writing Master, Normal School, Toronto.
3rd Ed., PRICE, -	70 CENTS.
Authorized by the Minister of Education, Ontario. Authorized by the Chief Supt. Education, Manitoba. Recommended by the Council of Public Instruction, Quebec.
FROM NOVA SCOTIA AND MANITOBA.
A. C. A. DOANE, Insp. P. Schools, Shelburne Co., Nova Scotia.
“ I have carefully looked over Beatty & Clare’s Bookkeeping, and cannot but ac.mire the simplicity of the outline, the practical bearing of the transactions, the perspicuity of the instructions, and the varied commercial character of the whole work. It commends itself to teachers as a text book and to all others desirous of acquiring a knowledge of this important branch.”
J. D. McGILLIVRAY, Insp. Schools, Co. Hants., Nova Scotia.
Beaty & Clare’s Bookkeeping.—y Besides looking over this book myself, I have submitted it to the inspection of practical bookkeepers who agree with me in the propriety of recommending it as a school book. Its directions are minute and to the point, and its examples ample.”
• C. T. ANDREWS, Inspector for Queen’s Co., Nova Scotia.
“ Beatty & Clare’s Bookkeeping has had a careful perusal, with which the principles of bookkeeping are explained and illustrated, will recommend this work to any teacher or pupil preparing for examination, while it is sufficiently comprehensive for all practical purposes.
L. S. MORSE, M.A., Insp. Schools, Annapolis Co., Nova Scotia.
“ I have examined Beatty & Clare’s Bookkeeping and find it to be an excellent work. The definitions, forms, and transactions therein contained, are plain and simple, yet comprehensive and practical. It is well adapted for use in the public schools.”
D. H. SMITH, A.M., Insp. Schools, Colchester County, Nova Scotia.
“ Beatty & Clare's Bookkeeping is an admirable work, its simplicity alone is sufficient to secure for the book a place in our schools throughout che Dominion.”
W. S. DANAGH, Inspector for Cumberland, N. S.
if I have looked into Beatty & Clare’s Bookkeeping, and have much pleasure in saying that the work is just w hat is wanted for boys who desire to acquire in a short time such knowledge as will fit them for business*”
REV. JOHN AMBROSE, M.A., Supt. of Schools, Digby, N. S.
“ I am very much pleased with the simplicity and thoroughhess of Beatty & Clare’s Bookkeeping.
THOS. HART, M.A., Winnipeg.	^
“ Several months ago we introduced Mason’s English Grammar into Manitoba College, and now we are introducing Beatty & Clare’s Bookkeeping. We find them just what we need in their respective subjects.”
MOW TO READ.
A Drill Book for Correct and Expressive Reading, Adapted for the use op Schools.
By Richard Lewis, Teacher of Elocution, Author of “ Dominion Elocutionist," &c. 3rd Ed., Price 75 Cents.
Authorized by the Minister of Education for Ontario. Authorized by the Chief Supt. of Education, Manitoba.
D. H. SMITH, A.M., Inspector of Schools, Colchester Co., N. 8.
“ Lewis’ ‘ How to Bead,’ comes in good time. In no branch of study is there more deficiency displayed than in that of reading. Many of our teachers really appear to have no conception as to how reading should be taught, but by a careful study of Lewis’ ‘How to Read’they can without any difficulty render themselves fit to give instruction with the utmost satisfaction.”
L. S. MORSE, M.A., Inspector Schools, Annapolis Co., N. S.
“Lewis’ ‘How to Read’ treats of a subject which cannot be too highly recommended. Such a work is much needed in our schools. The art of reading effectively has been acquired by few teachers, hence they should procure this work and thoroughly and practically master the rules and principles therein contained.
J. D. McGILLIVRAY, Inspector of Schools, Co. Hants.
- “ Lewis’ ‘ How to Read,’ is the best drill book in elocution for school use that I have seen. I have read it over with a great deal of ewe.”
C. T. ANDREWS, Inspector for Queen’s Co., N. S.
“I have examined ‘How to Read,’and have no hesitation in pronouncing it the best little work on elocution for teachers that has yet come under my notice. A thorough drill in the exercises, with due attention to the elementary sounds of the language as illustreted by the author, and an intelligent conception of the principles and suggestions therein given will insure pleasing and expressive reading. It cannot but be hailed with pleasure by every teacher as it supplies a want long felt in our schools, and gives to the important subject of reading its due prominence, as both an art and a science.”
A	. C. A. DOANE, Inspector of Schools, Shelburne Co., N. S.
“	How to Read,’ is just what is needed, both as a school class book and an aid to teachers in the proper training of pupils in the principles of effective reading.
Bev. JOHN AMBBOSE, M.A., Inspector P. Schools, Digby, N. 8.
How to Read by Richard Lewis.—“This book, for the size of it, is the best by far that I have euer seen on the subject.”
W. L. DANAGH, Inspector for Cumberland, N. S.
“	How to Read is a seasonable publication. As a drill book for expressive reading it supplies a desideratum in our schools. It must be admitted that better teaching on this branch is greatly needed. The work shows skill and is highly creditable to the author.”
JOHN Y. GUIM, Broad Cove, Cape Breton, N. 8.
“	The plan pursued in tho arrangements of the work, commencing with elements essential to correct vocalization, and leading gradually on to principles and practice in some of the purest gems of the language, must commend itself to every admirer of clear, expressive English reading. The typographical 'get up’of the work is highly creditable to the enterprising publishers.”
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